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UNEXPECTED MENINGOCOCCUS SURFACE PROTEINS 
AH documents cited herein are incorporated by reference in their entirety. 
TECHNICAL FIELD 

This invention is in the field of meningococcal biochemistry, in particular the trafficking and 
localisation of meningococcal proteins. 

BACKGROUND ART 

The complete genome sequence of serogroup B N.meningitidis has been published [1] and has been 
subjected to analysis in order to identify candidate vaccine antigens [2].The complete genome 
sequence of serogroup A N.meningitidis is also known [3]. 

Footnote 12 of reference 2 describes the authors' approach to antigen selection. Briefly a first 
screening for coding capacity of the genome sequence was performed using computer programs 
included m the Wisconsin package version 10.0, Genetics Computer Group (GCG). BLASTX was 
used to classify ORFs as coding either for known cytoplasmic functions or for other functions The 
cytoplasmic ORFs were "not further investigated" as candidate antigens. 

A second screening step aimed at identifying putative proteins with a cellular localization spanning 
from the mner membrane to outside the bacterium was also used. This screening involved F-BLAST 
FACTA. MOTIFS, FINDPATTERNS, and PSORT, as well as the ProDom, Pfam, and Blocks' 
databases. ORFs were thus selected on the basis of features typical of surface-associated proteins 
such as transmembrane domains, leader peptides, homologies to known surface proteins, lipoprotein 
signature, outer membrane anchoring motifs, and host cell binding domains such as RGD. 
In total, reference 2 identified 570 ORFs within the genome as candidate vaccine antigens. 98 8% of 
these selected serogroup B ORFs were also found and conserved in serogroup A, and 95.3% were 
found and conserved in N. gonorrhoeae. 

This "reverse genomics" approach to vaccine candidate selection is undoubtedly powerful, and has 
been copied for other organisms [e.g. 4, 5, 6, 7, 8, 9, 10], but it does not identify all surface-exposed 
proteins and vaccine candidates [11]. It is therefore an object of the invention to identify 
surface-exposed meningococcal proteins which are not identified by computer prediction methods. 

DISCLOSURE OF THE INVENTION 

The invention is based on the discovery of 205 proteins which, contrary to expectations, are found in 
the membrane of Neisseria meningitidis. Of these 205, 76 in particular evade all algorithmic methods 
for predicting membrane localisation. Existing knowledge of protein trafficking pathways in 
meningococcus does not explain how or why these proteins are located in the bacterial membrane 
e.g. there is no apparent biochemical reason for a DNA helicase or a chromosomal replication 
initiator protein to be found in the membrane. 




The 205 proteins are listed in Table I according to their 'NMB' numbering, which corresponds to the 
standardised nomenclature from reference 1. The NMB numbering can be used directly to query 
online databases e.g. a protein query of thje NCBI Entrez system [12] using the term 'NMB 1506' 
unequivocally identifies the Arginyl-tRNA synthetase of N. meningitidis (see Figure 5), leading to a 
5 single amino acid sequence. Details of the DNA sequences which encode these proteins are similarly 
accessible from the online databases. 

Although the online databases are the most convenient source of information concerning the 205 
proteins of the invention, and the most likely to be consulted by the skilled person, for formal reasons 
the amino acid sequences are also provided in a sequence listing (SEQ ID NO s : 1 to 205). 

1 0 Proteins of the invention 

The invention provides a protein comprising an amino acid sequence selected from the group 
consisting of SEQ ID NO s : 1 to 205. 

It also provides a protein comprising an amino acid sequence which shares at least x% sequence 
identity with an amino acid sequence selected from the group consisting of SEQ ID NO s : 1 to 205. 

T5 Depending on the partmilm geqqenoysns^^^ *r more Q, q. 60%. 70%, 80%, 90%, 95%, 

99% or more). These proteins include allelic variants, homologs, orthologs, paralogs, mutants etc. of 
SEQ ID NO s : 1 to 205. Typically, 50% identity or more between two proteins is considered to be an 
indication of functional equivalence. Identity between proteins is preferably determined by the 
Smith-Waterman homology search algorithm as implemented in the MPSRCH program (Oxford 

20 Molecular), using an affine gap search with parameters gap open penalty— 12 and gap extension 
penalty=L 

It is preferred that one or more of the differences these proteins compared to SEQ ID NO s : 1 to 205 
involves a conservative amino acid replacement i.e. replacement of one amino acid with another 
which has a related side chain. Genetically-encoded amino acids are generally divided into four 

25 families: (1) acidic i.e. aspartate, glutamate; (2) basic i.e. lysine, arginine, histidine; (3) non-polar i.e. 
alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan; and (4) 
uncharged polar i.e. glycine, asparagine, glutamine, cysteine, serine, threonine, tyrosine. 
Phenylalanine, tryptophan, and tyrosine are sometimes classified jointly as aromatic amino acids. In 
general, substitution of single amino acids within these families does not have a major effect on the 

30 biological activity. Proteins of the invention may contain 1 or more (e.g. 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 
12, 13, 14, 15, 16, 17, 18, 19, 20 or more) conservative mutations. 

The invention further provides a protein comprising a fragment of an amino acid sequence selected 
from the group consisting of SEQ ID NO 5 : 1 to 205. The fragment should comprise at least n 
consecutive amino acids from the sequence and, depending on the particular sequence, n is 7 or more 
35 {e.g. 8, 10, 12, 14, 16, 18, 20, 30, 40, 50, 75, 100, 150, 200 or more). Preferred fragments include: 
(a) fragments which comprise an epitope; (b) fragments common to two or more of SEQ IDs 1 to 




# 
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205; (c) SEQ IDs 1 to 205 with 1 or more (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,17, 
18, 19, 20, 21, 22, 23, 24, 25, etc.) N-terminal residues deleted; (d) SEQ IDs 1 to 205 with 1 or more 
(e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,17, 18, 19, 20, 21, 22, 23, 24, 25, etc.) 
C-terminal residues deleted; (e) SEQ IDs 1 to 205 without their signal peptides; and (f) SEQ IDs 1 to 
5 205 with the N-terminal deleted up to and including a poly-glycine sequence (i.e. Gly g9 where g>3 
e.g. 4, 5, 6, 7, 8, 9 or more), referred to as 4 AG' proteins. These preferred fragments are not mutually 
exclusive e.g. a fragment could fall into category (a) and (b), or category (c) and (d), etc. 

Proteins can be prepared by various means e.g. by chemical synthesis (at least in part), by digesting 
longer polypeptides using proteases, by translation from RNA, by purification from cell culture (e.g. 
10 from recombinant expression or from N. meningitidis culture), etc. Heterologous expression in E.coli 
is a preferred preparative route. 

Proteins can take various forms (e.g. native, fusions, glycosylated, non-glycosylated, lipidated, 
disulfide bridges, etc.). 

Proteins are preferably prepared in substantially pure form (i.e. substantially free from other 
1 5 Neisserial or host cell proteins) or substantially isolated form. 

Proteins are preferably meningococcal proteins. 

Proteins of the invention may be attached to a solid support. They may comprise a detectable label 
(e.g. a radioactive or fluorescent label, or a biotin label). 

Proteins of the invention may be located within a lipid bilayer. The invention thus provides a lipid 
20 bilayer (e.g. a cell membrane, a liposome, a bacterial ghost, an OMV, a bleb, etc.) including a protein 
of the invention. The bilayer preferably does not include native membrane components such as 
porins (PorA in particular, class I outer membrane proteins (OMPs), class III OMPs, etc.), LOS, LPS, 
PilC, Omp85, opacity proteins (e.g. Opa & Opc), pilins (e.g. PilC, PilT, etc.) 9 P64k, etc. 

Preferred fusion proteins follow the approach set out in references 13 to 15 in which two or more 
25 (e.g. 3, 4, 5, 6 or more) Neisserial proteins are joined such that they are translated as a single 
polypeptide chain. In general, such hybrid proteins can be represented by the formula: 



wherein X is an amino acid sequence as defined above, L is an optional linker amino acid sequence, 
A is an optional N-terminal amino acid sequence, B is an optional C-terminal amino acid sequence, 
30 and n is an integer greater than 1 . The value of n is between 2 and x, and the value of x is typically 3, 
4, 5, 6, 7, 8, 9 or 1 0. Preferably n is 2, 3 or 4; it is more preferably 2 or 3; most preferably, n = 2. 

In some hybrid proteins, referred to as 'tandem' proteins, a -X- moiety has sequence identity to at 
least one of the other X moieties, as defined above e.g. Xi is SEQ ID 1 and X 2 is a variant of X). 



NH 2 -A-[-X-L-]„-B-COOH 



For X moieties other than Xi, it is preferred that the native leader peptide should be omitted. In one 
embodiment, the leader peptides will be deleted except for that of the -X- moiety located at the 
N-terminus of the hybrid protein i.e. the leader peptide of Xi will be retained, but the leader peptides 
of X2 ... X n will be omitted. This is equivalent to deleting all leader peptides and using the leader 
peptide of X] as moiety -A-. 

For each n instances of [-X-L-], linker amino acid sequence -L- may be present or absent. For 
instance, when «=2 the hybrid may be NH 2 -X r Li-X 2 -L 2 -COOH, NH 2 -X!-X 2 -COOH, NH 2 -Xi-Li-X 2 - 
COOH, NH 2 -Xi-X 2 -L 2 -COOH, etc. Linker amino acid sequence(s) -L- will typically be short (e.g. 20 
or fewer amino acids i.e. 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples 
include short peptide sequences which facilitate cloning, poly-glycine linkers (i.e. Gly„ where n-2 9 
3, 4, 5, 6, 7, 8, 9, 10 or more), and histidine tags (i.e. His„ where n = 3, 4, 5, 6, 7, 8, 9, 10 or more). 
Other suitable linker amino acid sequences will be apparent to those skilled in the art. A useful linker 
is GSGGGG, with the Gly-Ser dipeptide being formed from a BarriHl restriction site, thus aiding 
cloning and manipulation, and the Gly 4 tetrapeptide being a typical poly-glycine linker. 

-A- is an optional N-terminal amino acid sequence. This will typically be short (e.g. 40 or fewer 
amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 
17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples include leader sequences to direct 
protein trafficking, or short peptide sequences which facilitate cloning or purification (e.g. histidine 
tags i.e. His„ where n = 3, 4, 5, 6, 7, 8, 9, 10 or more). Other suitable N-terminal amino acid 
sequences will be apparent to those skilled in the art. If Xi lacks its own N-terminus methionine, -A- 
may be a methionine residue. 

-B- is an optional C-terminal amino acid sequence. This will typically be short (e.g. 40 or fewer 
amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 
17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples include sequences to direct protein 
trafficking, short peptide sequences which facilitate cloning or purification (e.g. comprising histidine 
tags i.e. His„ where n = 3, 4, 5, 6, 7, 8, 9, 10 or more), or sequences which enhance protein stability. 
Other suitable C-terminal amino acid sequences will be apparent to those skilled in the art. 

Within SEQ ID NO s 1 to 205, those marked with a c *' in Table 1 are preferred, and the 76 marked 
are particularly preferred, 

Nucleic acids of the invention 

The invention provides nucleic acid encoding the proteins of the invention. 

The invention also provides nucleic acid comprising sequences which share at least x% sequence 
identity with nucleic acid encoding a protein of the invention. Depending on the particular sequence, 
x is preferably 50% or more (e.g. 60%, 70%, 80%, 90%, 95%, 99% or more). 




Furthermore, the invention provides nucleic acid which can hybridise to nucleic acid encoding a 
protein of the invention. Hybridisation reactions can be performed under conditions of different 
"stringency". Conditions that increase stringency of a hybridisation reaction of widely known and 
published in the art. Examples of relevant conditions include (in order of increasing stringency): 
5 incubation temperatures of 25°C, 37°C, 50°C, 55°C and 68°C; buffer concentrations of 10 X SSC, 6 
X SSC, 1 X SSC, 0.1 X SSC and their equivalents using other buffer systems; formamide 
concentrations of 0%, 25%, 50%, and 75%; incubation times from 5 minutes to 24 hours; 1, 2, or 
more washing steps; wash incubation times of 1, 2, or 15 minutes; and wash solutions of 6 x SSC, 1 
x SSC, 0.1 x SSC, or de-ionized water. In some embodiments, the isolated nucleic acid of the 
10 invention selectively hybridises under low stringency conditions; in other embodiments it selectively 
hybridises under intermediate stringency conditions; in other embodiments, it selectively hybridises 
under high stringency conditions. An exemplary set of low stringency hybridisation conditions is 
50°C and lOxSSC. An exemplary set of intermediate stringency hybridisation conditions is 55°C and 
lxSSC. An exemplary set of high stringent hybridisation conditions is 68°C and 0.1 x SSC. 

15 Nucleic acid comprising fragments of nucleic acid encoding a protein of the invention are also 
provided. These should comprise at least n consecutive nucleotides from the coding sequences and, 
depending on the particular sequence, n is 10 or more (e.g. 12, 14, 15, 18, 20, 25, 30, 35, 40, 50, 75, 
100, 200, 300 or more). 

The invention provides nucleic acid comprising sequences complementary to those described above 
20 {e.g. for antisense or probing purposes). 

Nucleic acid of the invention can, of course, be prepared in many ways e.g. by chemical synthesis (at 
least in part), by digesting longer polynucleotides using restriction enzymes, from genomic or cDNA 
libraries, from the organism itself etc. 

Nucleic acid of the invention can take various forms {e.g. single-stranded, double-stranded, linear, 
25 circular, vectors, primers, probes etc.). 

Nucleic acids of the invention may be attached to a solid support {e.g. a bead, plate, filter, film, slide, 
resin, etc.). Nucleic acids of the invention may include a detectable label {e.g. a radioactive or 
fluorescent label, or a biotin label). This is particularly useful where the polynucleotide is to be used 
in nucleic acid detection techniques e.g. where the nucleic acid is a primer or as a probe for use in 
30 techniques such as PCR, LCR, TMA, NASBA, bDNA etc. 

Nucleic acids of the invention are preferably meningococcal nucleic acids. 

The term "nucleic acid" includes DNA, RNA, DNA/RNA hybrids, and DNA or RNA analogs, such 
as those containing modified backbones or bases, and also peptide nucleic acids (PNA) etc.. 

Nucleic acids of the invention may be isolated and obtained in substantial purity, generally as other 
35 than an intact chromosome. Usually, the polynucleotides will be obtained substantially free of other 
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naturally-occurring nucleic acid sequences, generally being at least about 50% (by weight) pure, 
usually at least about 90% pure. 

Nucleic acids can be used, for example: to produce polypeptides; as probes for the detection of 
nucleic acid in biological samples; to generate additional copies of the polynucleotides; to generate 
5 ribozymes or antisense oligonucleotides; and as single-stranded DNA probes or as triple-strand 
forming oligonucleotides etc. 

The invention provides vectors comprising nucleotide sequences of the invention (e.g. cloning or 
expression vectors) and host cells transformed therewith. 

Compositions 

10 According to a further aspect, the invention provides compositions comprising protein and/or nucleic 
acid according to the invention. These compositions are preferably immunogenic compositions, such 
as vaccines, and are suitable for immunisation and vaccination purposes. Vaccines of the invention 
may be prophylactic or therapeutic, and will typically comprise an antigen which can induce 
antibodies which are (a) capable of binding to a meningococcal membrane component and/or 

T5 (b) bac t ericidal against inening oeoeeus: 

Compositions of the invention will generally be administered directly to a patient. Direct delivery 
may be accomplished by parenteral injection (e.g. subcutaneously, intraperitoneal^, intravenously, 
intramuscularly, or to the interstitial space of a tissue), or by rectal, oral, vaginal, topical, 
transdermal, intranasal, ocular, aural, or pulmonary or other mucosal administration. Electrical 
20 methods may be used to for delivery e.g. delivery via electroporation. 

The invention may be used to elicit systemic and/or mucosal immunity. 

Dosage treatment can be a single dose schedule or a multiple dose schedule. 

The immunogenic composition of the invention will generally include a pharmaceutical^ acceptable 
carrier, which can be any substance that does not itself induce the production of antibodies harmful 

25 to the patient receiving the composition, and which can be administered without undue toxicity. 
Suitable carriers can be large, slowly-metabolised macromolecules such as proteins, polysaccharides, 
polylactic acids, polyglycolic acids, polymeric amino acids, amino acid copolymers, and inactive 
virus particles. Such carriers are well known to those of ordinary skill in the art. Pharmaceutically 
acceptable carriers can include liquids such as water, saline, glycerol and ethanoL Auxiliary 

30 substances, such as wetting or emulsifying agents, pH buffering substances, and the like, can also be 
present in such vehicles. Liposomes are suitable carriers. A thorough discussion of pharmaceutical 
carriers is available in ref. 1 6. 

Neisserial infections affect various areas of the body and so the compositions of the invention may be 
prepared in various forms. For example, the compositions may be prepared as injectables, either as 
35 liquid solutions or suspensions. Solid forms suitable for solution in, or suspension in, liquid vehicles 




prior to injection can also be prepared. The composition may be prepared for topical administration 
e.g. as an ointment, cream or powder. The composition be prepared for oral administration e.g. as a 
tablet or capsule, or as a syrup (optionally flavoured). The composition may be prepared for 
pulmonary administration e.g. as an inhaler, using a fine powder or a spray. The composition may be 
5 prepared as a suppository or pessary. The composition may be prepared for nasal, aural or ocular 
administration e.g. as drops. 

The composition is preferably sterile. It is preferably pyrogen-free. It is preferably buffered e.g. at 
between pH 6 and pH 8, generally around pH 7. 

Further components of compositions 

10 Immunogenic compositions comprise an immunologically effective amount of immunogen, as well 
as any other of other specified components, as needed. By immunologically effective amount', it is 
meant that the administration of that amount to an individual, either in a single dose or as part of a 
series, is effective for treatment or prevention. This amount varies depending upon the health and 
physical condition of the individual to be treated, age, the taxonomic group of individual to be treated 

15 (e.g. non-human primate, primate, etc.), the capacity of the individual's immune system to synthesise 
antibodies, the degree of protection desired, the formulation of the vaccine, the treating doctor's 
assessment of the medical situation, and other relevant factors. It is expected that the amount will fall 
in a relatively broad range that can be determined through routine trials. Dosage treatment may be a 
single dose schedule or a multiple dose schedule (e.g. including booster doses). The composition 

20 may be administered in conjunction with other immunoregulatory agents. 

The composition will generally comprise an adjuvant. Preferred adjuvants to enhance effectiveness 
of the composition include, but are not limited to: (A) MF59 (5% Squalene, 0.5% Tween 80, and 
0.5% Span 85, formulated into submicron particles using a microfluidizer) [see Chapter 10 of ref. 17; 
see also ref. 18]; (B) microparticles (i.e. a particle of -lOOnrn to ~150|jm in diameter, more 

25 preferably ~200nm to ~30nm in diameter, and most preferably ~500nm to -lOpm in diameter) 
formed from materials that are biodegradable and non-toxic (e.g. a poly(a-hydroxy acid), a 
polyhydroxybutyric acid, a polyorthoester, a polyanhydride, a polycaprolactone etc.) 9 with 
poly(lactide-co-glycolide) being preferred (TLG'), optionally being charged surface (e.g. by adding 
a cationic, anionic, or nonionic detergent such as SDS (negative) or CTAB (positive) [e.g. refs. 19 & 

30 20]); (C) liposomes [see Chapters 13 and 14 of ref. 17]; (D) ISCOMs [see Chapter 23 of ref. 17] , 
which may be devoid of additional detergent [21]; (E) SAF, containing 10% Squalane, 0.4% Tween 
80, 5% pluronic-block polymer LI 21, and thr-MDP, either microfluidized into a submicron emulsion 
or vortexed to generate a larger particle size emulsion [see Chapter 12 of ref. 17]; (F) Ribi™ 
adjuvant system (RAS), (Ribi Immunochem) containing 2% Squalene, 0.2% Tween 80, and one or 

35 more bacterial cell wall components from the group consisting of monophosphorylipid A (MPL), 
trehalose dimycolate (TDM), and cell wall skeleton (CWS), preferably MPL + CWS (Detox™); (G) 




saponin adjuvants, such as QuilA or QS21 [see Chapter 22 of ref. 17], also known as Stimulon™; 
(H) chitosan [e.g. 22]; (I) complete Freund's adjuvant (CFA) and incomplete Freund's adjuvant 
(IFA); (J) cytokines, such as interleukins (e.g. IL-1, IL-2, IL-4, IL-5, EL-6, IL-7, IL-12, etc.), 
interferons (e.g. interferon-?), macrophage colony stimulating factor, tumor necrosis factor, etc. [see 
5 Chapters 27 & 28 of ref. 17], RC529; (K) a saponin (e.g. QS21) + 3dMPL + IL-12 (optionally + a 
sterol) [23]; (L) monophosphoryl lipid A (MPL) or 3-O-deacylated MPL (3dMPL) [e.g. chapter 21 of 
ref. 17]; (M) combinations of 3dMPL with, for example, QS21 and/or oil-in-water emulsions [24]; 
(N) oligonucleotides comprising CpG motifs [25] i.e. containing at least one CG dinucleotide, with 
5-methylcytosine optionally being used in place of cytosine; (O) a polyoxyethylene ether or a 
10 polyoxyethylene ester [26]; (P) a polyoxyethylene sorbitan ester surfactant in combination with an 
octoxynol [27] or a polyoxyethylene alkyl ether or ester surfactant in combination with at least one 
additional non-ionic surfactant such as an octoxynol [28]; (Q) an immunostimulatory oligonucleotide 
(e.g. a CpG oligonucleotide) and a saponin [29]; (R) an immunostimulant and a particle of metal salt 
[30]; (S) a saponin and an oil-in-water emulsion [31]; (T) Kcoli heat-labile enterotoxin ("LT")> or 
15 detoxified mutants thereof, such as the K63 or R72 mutants [e.g. Chapter 5 of ref. 32]; (U) cholera 
toxin ("CT\ or detoxified mutants thereof [e.g. Chapter 5 of ref. 32]; (V) double-stranded RNA; 
(W) aluminium salts, such as aluminium hydroxides (including oxyhydroxides), aluminium 
phosphates (including hydroxyphosphates), aluminium sulfate, etc [Chapters 8 & 9 in ref. 33]; and 
(X) other substances that act as immunostimulating agents to enhance the effectiveness of the 
20 composition [e.g. see Chapter 7 of ref. 17]. Aluminium salts (aluminium phosphates and particularly 
hydroxyphosphates, and/or hydroxides and particularly oxyhydroxide) and MF59 are preferred 
adjuvants for parenteral immunisation. Toxin mutants are preferred mucosal adjuvants. 

Muramyl peptides include N-acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl- 
normuramyl-L-alanyl-D-isoglutamine (nor-MDP), N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L- 
25 alanine-2-(l ! -2 ! -dipalmitoyl-5n-glycero-3-hydroxyphosphoryloxy)-ethylamine MTP-PE), etc. 

Compositions of the invention may comprise antigens (e.g. protective antigens against N.meningitidis 
or against other organisms) in addition to the proteins mentioned above e.g. DTP antigens, Hib 
antigen etc. The composition may comprise one or more of the following further antigens: 

- antigens from Helicobacter pylori such as CagA [34 to 37], VacA [38, 39], NAP [40, 41 , 42], 
30 HopX [e.g. 43], HopY [e.g. 43] and/or urease. 

- a saccharide antigen from N.meningitidis serogroup A, C, W135 and/or Y, such as the 
oligosaccharide disclosed in ref. 44 from serogroup C [see also ref. 45] or the 
oligosaccharides of ref. 46. 

- a saccharide antigen from Streptococcus pneumoniae [e.g. 47, 48, 49]. 
35 - an antigen from hepatitis A virus, such as inactivated virus [e.g. 50, 51]. 

- an antigen from hepatitis B virus, such as the surface and/or core antigens [e.g. 5 1 , 52]. 



- an antigen from Bordetella pertussis, such as pertussis holotoxin (PT) and filamentous 
haemagglutinin (FHA) from B.pertussis, optionally also in combination with pertactin and/or 
agglutinogens 2 and 3 [e.g. refs. 53 & 54]. 

- a diphtheria antigen, such as a diphtheria toxoid [e.g. chapter 3 of ref. 55] e.g. the CRM197 
mutant [e.g. 56]. 

- a tetanus antigen, such as a tetanus toxoid [e.g. chapter 4 of ref. 75]. 

- a saccharide antigen from Haemophilus influenzae B [e.g. 45]. 

- an antigen from hepatitis C virus [e.g. 57]. 

- an antigen from N.gonorrhoeae [e.g. 58, 59, 60, 61]. 

- an antigen from Chlamydia pneumoniae [e.g. refs. 62 to 68]. 

- an antigen from Chlamydia trachomatis [e.g. 69]. 

- an antigen from Porphyromonas gingivalis [e.g. 70]. 

- polio antigen(s) [e.g. 71, 72] such as IPV. 

- rabies antigen(s) [e.g. 73] such as lyophilised inactivated virus [e.g. 74, RabAvert™]. 

- measles, mumps and/or rubella antigens [e.g. chapters 9, 10 & 1 1 of ref. 75]. 

- influenza antigen(s) [e.g. chapter 19 of ref. 75], such as the haemagglutinin and/or 
neuraminidase surface proteins. 

- an antigen from Moraxella catarrhalis [e.g. 76]. 

- an protein antigen from Streptococcus agalactiae (group B streptococcus) [e.g. 11, 78]. 

- a saccharide antigen from Streptococcus agalactiae (group B streptococcus). 

- an antigen from Streptococcus pyogenes (group A streptococcus) [e.g. 78, 79, 80]. 

- an antigen from Staphylococcus aureus [e.g. 81]. 

- an antigen from Bacillus anthracis [e.g. 82, 83, 84]. 

- an antigen from a virus in the flaviviridae family (genus flavivirus), such as from yellow 
fever virus, Japanese encephalitis virus, four serotypes of Dengue viruses, tick-bome 
encephalitis virus, West Nile virus. 

- a pestivirus antigen, such as from classical porcine fever virus, bovine viral diarrhoea virus, 
and/or border disease virus. 

- a parvovirus antigen e.g. from parvovirus B 1 9. 

- a prion protein (e.g. the CJD prion protein) 

- an amyloid protein, such as a beta peptide [85] 

- a cancer antigen, such as those listed in Table 1 of ref. 86 or in tables 3 & 4 of ref. 87. 
The composition may comprise one or more of these further antigens. 
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Toxic protein antigens may be detoxified where necessary {e.g. detoxification of pertussis toxin by 
chemical and/or genetic means [54]). 

Where a diphtheria antigen is included in the composition it is preferred also to include tetanus 
antigen and pertussis antigens. Similarly, where a tetanus antigen is included it is preferred also to 
5 include diphtheria and pertussis antigens. Similarly, where a pertussis antigen is included it is 
preferred also to include diphtheria and tetanus antigens. DTP combinations are thus preferred. 

Saccharide antigens are preferably in the form of conjugates. Carrier proteins for the conjugates 
include the N.meningitidis outer membrane protein [88], synthetic peptides [89,90], heat shock 
proteins [91,92], pertussis proteins [93,94], protein D from H.influenzae [95], cytokines [96], 
10 lymphokines [96], streptococcal proteins, hormones [96], growth factors [96], toxin A or B from 
C.difficile [97], iron-uptake proteins [98], etc. A preferred carrier protein is the CRM197 diphtheria 
toxoid [99]. 

Antigens in the composition will typically be present at a concentration of at least lug/ml each. In 
general, the concentration of any given antigen will be sufficient to elicit an immune response against 

45 that an ti ge n 

Immunogenic compositions of the invention may be used therapeutically (i.e. to treat an existing 
infection) or prophylactically (i.e. to prevent future infection). 

As an alternative to using proteins antigens in the immunogenic compositions of the invention, 
nucleic acid (preferably DNA e.g. in the form of a plasmid) encoding the antigen may be used. 

20 Medical methods etc. 

The invention also provides nucleic acids or proteins of the invention, or antibodies which bind to 
proteins of the invention, for use as medicaments (e.g. as vaccines). It also provides the use of 
nucleic acid or protein according to the invention in the manufacture of a medicament (e.g. a vaccine 
or an immunogenic composition) for treating or preventing infection due to a Neisseria. This will 

25 generally be N. meningitidis but, due to inter-species cross-reactivity, it may also be N. gonorrhoeae. 

The invention also provides a method of treating (e.g. immunising) a patient (e.g. a human), 
comprising administering to the patient a therapeutically effective amount of nucleic acid or protein 
according to the invention. 

The invention also provides a method of raising antibodies in an animal, comprising administering to 
30 the patient an immunologically effective amount of nucleic acid or protein according to the 
invention. 

The invention also provides a method of detecting N.meningitidis bacteria in a sample, comprising 
the steps of: (a) contacting an antibody (e.g. monoclonal or polyclonal) which binds to a protein of 
the invention with a biological sample under conditions suitable for the formation of an antibody- 




antigen complexes; and (b) detecting said complexes. The method is particularly suitable for 
detecting intact bacteria because the proteins of the invention are present in the membrane. 

The invention also provides nucleic acids or proteins of the invention, or antibodies which bind to 
proteins of the invention, for use as diagnostic reagents. It also provides the use of nucleic acid or 
5 protein according to the invention, or antibodies which bind to proteins of the invention, in the 
manufacture of a reagent for diagnosing infection due to a Neisseria. 

The invention also provides a method for investigating N. meningitidis, wherein the method includes 
a step of performing 2D electrophoresis on a membrane fraction from the bacterium. 

Techniques 

1 0 A summary of standard techniques and procedures which may be employed in order to perform the 
invention {e.g. to utilise the disclosed sequences for immunisation or diagnosis) follows. This 
summary is not a limitation on the invention but, rather, gives examples that may be used, but are not 
required. 

General 

15 The practice of the present invention will employ, unless otherwise indicated, conventional techniques of 
molecular biology, microbiology, recombinant DNA, and immunology, which are within the skill of the art. 
Such techniques are explained fully in the literature e.g Sambrook Molecular Cloning; A Laboratory Manual, 
Second Edition (1989) and Third Edition (2001); DNA Cloning, Volumes I and ii (D.N Glover ed. 1985); 
Oligonucleotide Synthesis (M.J. Gait ed, 1984); Nucleic Acid Hybridization (B.D. Hames & S.J. Higgins eds. 

20 1984); Transcription and Translation (B.D. Hames & SJ. Higgins eds. 1984); Animal Cell Culture (R.I. 
Freshney ed. 1986); Immobilized Cells and Enzymes (IRL Press, 1986); B. Perbal, A Practical Guide to 
Molecular Cloning (1984); the Methods in Enzymology series (Academic Press, Inc.), especially volumes 154 & 
155; Gene Transfer Vectors for Mammalian Cells (J.H. Miller and M.P. Calos eds. 1987, Cold Spring Harbor 
Laboratory); Mayer and Walker, eds. (1987), Immunochemical Methods in Cell and Molecular Biology 

25 (Academic Press, London); Scopes, (1987) Protein Purification: Principles and Practice, Second Edition 
(Springer-Verlag, N.Y.), and Handbook of Experimental Immunology, Volumes I-IV (D.M. Weir and C. C. 
Blackwell eds 1986). 

Standard abbreviations for nucleotides and amino acids are used in this specification. 
Definitions 

30 A composition containing X is "substantially free of* Y when at least 85% by weight of the total X+Y in the 
composition is X. Preferably, X comprises at least about 90% by weight of the total of X+Y in the composition, 
more preferably at least about 95% or even 99% by weight. 

The term "comprising" means "including* 5 as well as "consisting" e.g. a composition "comprising" X may 
consist exclusively of X or may include something additional to X, such as X+Y. 

35 The term "heterologous" refers to two biological components that are not found together in nature. The 
components may be host cells, genes, or regulatory regions, such as promoters. Although the heterologous 
components are not found together in nature, they can function together, as when a promoter heterologous to a 




gene is operably linked to the gene. Another example is where a Neisserial sequence is heterologous to a mouse 
host cell. A further examples would be two epitopes from the same or different proteins which have been 
assembled in a single protein in an arrangement not found in nature. 

An "origin of replication" is a polynucleotide sequence that initiates and regulates replication of polynucleotides, 
5 such as an expression vector. The origin of replication behaves as an autonomous unit of polynucleotide 
replication within a cell, capable of replication under its own control. An origin of replication may be needed for 
a vector to replicate in a particular host cell. With certain origins of replication, an expression vector can be 
reproduced at a high copy number in the presence of the appropriate proteins within the cell. Examples of 
origins are the autonomously replicating sequences, which are effective in yeast; and the viral T-antigen, 
1 0 effective in COS-7 cells. 

A "mutant" sequence is defined as DNA, RNA or amino acid sequence differing from but having sequence 
identity with the native or disclosed sequence. Depending on the particular sequence, the degree of sequence 
identity between the native or disclosed sequence and the mutant sequence is preferably greater than 50% (e.g. 
60%, 70%, 80%, 90%, 95%, 99% or more, calculated using the Smith-Waterman algorithm as described above). 

15 As used herein, an "allelic variant" of a nucleic acid molecule, or region, for which nucleic acid sequence is 
provided herein is a nucleic acid molecule, or region, that occurs essentially at the same locus in the genome of 

an other i v^ emnd-i<rete^ t o natuTa 3-4Aariation-c aiisp . d hy for example ., mut ation or recombination, 

has a similar but not identical nucleic acid sequence. A coding region allelic variant typically encodes a protein 
having similar activity to that of the protein encoded by the gene to which it is being compared. An allelic 

20 variant can also comprise an alteration in the 5* or 3' untranslated regions of the gene, such as in regulatory 
control regions (e.g. see US patent 5,753,235). 
Expression systems 

The Neisserial nucleotide sequences can be expressed in a variety of different expression systems; for example 
those used with mammalian cells, baculoviruses, plants, bacteria, and yeast. 

25 i. Mammalian Systems 

Mammalian expression systems are known in the art. A mammalian promoter is any DNA sequence capable of 
binding mammalian RNA polymerase and initiating the downstream (3 1 ) transcription of a coding sequence (e.g. 
structural gene) into mRNA. A promoter will have a transcription initiating region, which is usually placed 
proximal to the 5' end of the coding sequence, and a TATA box, usually located 25-30 base pairs (bp) upstream 
30 of the transcription initiation site. The TATA box is thought to direct RNA polymerase II to begin RNA 
synthesis at the correct site. A mammalian promoter will also contain an upstream promoter element, usually 
located within 100 to 200 bp upstream of the TATA box. An upstream promoter element determines the rate at 
which transcription is initiated and can act in either orientation [Sambrook et al. (1989) "Expression of Cloned 
Genes in Mammalian Cells." In Molecular Cloning: A Laboratory Manual, 2nd edj. 

35 Mammalian viral genes are often highly expressed and have a broad host range; therefore sequences encoding 
mammalian viral genes provide particularly useful promoter sequences. Examples include the SV40 early 
promoter, mouse mammary tumor virus LTR promoter, adenovirus major late promoter (Ad MLP), and herpes 
simplex virus promoter. In addition, sequences derived from non-viral genes, such as the murine 
metallotheionein gene, also provide useful promoter sequences. Expression may be either constitutive or 
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regulated (inducible), depending on the promoter can be induced with glucocorticoid in hormone-responsive 



cells 



The presence of an enhancer element (enhancer), combined with the promoter elements described above, will 
usually increase expression levels. An enhancer is a regulatory DNA sequence that can stimulate transcription up 
to 1000-fold when linked to homologous or heterologous promoters, with synthesis beginning at the normal 
RNA start site. Enhancers are also active when they are placed upstream or downstream from the transcription 
initiation site, in either normal or flipped orientation, or at a distance of more than 1000 nucleotides from the 
promoter [Maniatis et al. (1987) Science 236:1231; Alberts et al. (1989) Molecular Biology of the Cell, 2nd ed.]. 
Enhancer elements derived from viruses may be particularly useful, because they usually have a broader host 
range. Examples include the SV40 early gene enhancer [Dijkema et al (1985) EMBO J. 4:761] and the 
enhancer/promoters derived from the long terminal repeat (LTR) of the Rous Sarcoma Virus [Gorman et al. 
(1982) PNAS USA 79:6777] and from human cytomegalovirus [Boshart et al. (1985) Cell 41:521]. Additionally 
some enhancers are regulable and become active only in the presence of an inducer, such as a hormone or 
metal ion [Sassone-Corsi and Borelli (1986) Trends Genet. 2:215; Maniatis et al. (mi)Science 236:1237]. 
A DNA molecule may be expressed intracellularly in mammalian cells. A promoter sequence may be directly 
linked with the DNA molecule, in which case the first amino acid at the N-terminus of the recombinant protein 
will always be a methionine, which is encoded by the ATG start codon. If desired, the N-terminus may be 
cleaved from the protein by in vitro incubation with cyanogen bromide. 

Alternatively, foreign proteins can also be secreted from the cell into the growth media by creating chimeric 
DNA molecules that encode a fusion protein comprised of a leader sequence fragment that provides for secretion 
of the foreign protein in mammalian cells. Preferably, there are processing sites encoded between the leader 
fragment and the foreign gene that can be cleaved either in vivo or in vitro. The leader sequence fragment 
usually encodes a signal peptide comprised of hydrophobic amino acids which direct the secretion of the protein 
from the cell. The adenovirus triparite leader is an example of a leader sequence that provides for secretion of a 
foreign protein in mammalian cells. 

Usually, transcription termination and polyadenylation sequences recognized by mammalian cells are regulatory 
regions located 3' to the translation stop codon and thus, together with the promoter elements, flank the coding 
sequence. The 3' terminus of the mature mRNA is formed by site-specific post-transcriptional cleavage and 
polyadenylation [Birnstiel et al. (1985) Cell 41:349; Proudfoot and Whitelaw (1988) "Termination and 3 1 end 
processing of eukaryotic RNA. In Transcription and splicing (ed. B.D. Hames and D.M. Glover); Proudfoot 
(1989) Trends Biochem. Sci. 7*105]. These sequences direct the transcription of an mRNA which can be 
translated into the polypeptide encoded by the DNA. Examples of transcription terminater/polyadenylation 
signals include those derived from SV40 [Sambrook et al (1989) "Expression of cloned genes in cultured 
mammalian cells." In Molecular Cloning: A Laboratory Manual]. 

Usually, the above described components, comprising a promoter, polyadenylation signal, and transcription 
termination sequence are put together into expression constructs. Enhancers, introns with functional splice donor 
and acceptor sites, and leader sequences may also be included in an expression construct, if desired. Expression 
constructs are often maintained in a replicon, such as an extrachromosomal element (e.g. plasmids) capable of 
stable maintenance in a host, such as mammalian cells or bacteria. Mammalian replication systems include those 
derived from animal viruses, which require trans-acting factors to replicate. For example, plasmids containing 
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the replication systems of papovaviruses, such as SV40 [Gluzman (1981) Cell 23:175] or polyomavirus, 
replicate to extremely high copy number in the presence of the appropriate viral T antigen. Additional examples 
of mammalian replicons include those derived from bovine papillomavirus and Epstein-Barr virus. Additionally, 
the replicon may have two replicaton systems, thus allowing it to be maintained, for example, in mammalian 
5 cells for expression and in a prokaryotic host for cloning and amplification. Examples of such mammalian- 
bacteria shuttle vectors include pMT2 [Kaufman et al. (1989) Mol. Cell. Biol P:946] and pHEBO [Shimizu et al. 
(1986) Mol Cell Biol 6:1074]. 

The transformation procedure used depends upon the host to be transformed. Methods for introduction of 
heterologous polynucleotides into mammalian cells are known in the art and include dextran-mediated 
10 transfection, calcium phosphate precipitation, polybrene-mediated transfection, protoplast fusion, 
electroporation, encapsulation of polynucleotide(s) in liposomes, direct microinjection of the DNA into nuclei. 

Mammalian cell lines available as hosts for expression are known in the art and include many immortalized cell 
lines available from the American Type Culture Collection (ATCC), including but not limited to, Chinese 
hamster ovary (CHO) cells, HeLa cells, baby hamster kidney (BHK) cells, monkey kidney cells (COS), human 
1 5 hepatocellular carcinoma cells (e.g. Hep G2), and a number of other cell lines. 

ii. Baculovirus Systems 

— The polynucleotide encoding the protein can also De inserted into a suitable insect expiession^veeterr^Hd4s— 
operably linked to the control elements within that vector. Vector construction employs techniques which are 
known in the art. Generally, the components of the expression system include a transfer vector, usually a 
20 bacterial plasmid, which contains both a fragment of the baculovirus genome, and a convenient restriction site 
for insertion of the heterologous gene or genes to be expressed; a wild type baculovirus with a sequence 
homologous to the baculovirus-specific fragment in the transfer vector (this allows for the homologous 
recombination of the heterologous gene in to the baculovirus genome); and appropriate insect host cells and 
growth media. 

25 After inserting the DNA sequence encoding the protein into the transfer vector, the vector and the wild type viral 
genome are transfected into an insect host cell where the vector and viral genome are allowed to recombine. The 
packaged recombinant virus is expressed and recombinant plaques are identified and purified. Materials and 
methods for baculovirus/insect cell expression systems are commercially available in kit form from, inter alia, 
Invitrogen, San Diego CA ("MaxBac" kit). These techniques are generally known to those skilled in the art and 

30 fully described in Summers and Smith, Texas Agricultural Experiment Station Bulletin No. 1555 (1987) 
(hereinafter "Summers and Smith"). 

Prior to inserting the DNA sequence encoding the protein into the baculovirus genome, the above described 
components, comprising a promoter, leader (if desired), coding sequence of interest, and transcription 
termination sequence, are usually assembled into an intermediate transplacement construct (transfer vector). This 

35 construct may contain a single gene and operably linked regulatory elements; multiple genes, each with its 
owned set of operably linked regulatory elements; or multiple genes, regulated by the same set of regulatory 
elements. Intermediate transplacement constructs are often maintained in a replicon, such as an 
extrachromosomal element (e.g. plasmids) capable of stable maintenance in a host, such as a bacterium. The 
replicon will have a replication system, thus allowing it to be maintained in a suitable host for cloning and 

40 amplification. 




Currently, the most commonly used transfer vector for introducing foreign genes into AcNPV is pAc373. Many 
other vectors, known to those of skill in the art, have also been designed. These include, for example, pVL985 
(which alters the polyhedrin start codon from ATG to ATT, and which introduces a BamHI cloning site 32 
basepairs downstream from the ATT; see Luckow and Summers, Virology (1989) 1 7:3 1 . 

5 The plasmid usually also contains the polyhedrin polyadenylation signal (Miller et al. (1988) Ann. Rev. 
Microbiol , 42:111) and a prokaryotic ampicillin-resistance (amp) gene and origin of replication for selection 
and propagation in K coll 

Baculovirus transfer vectors usually contain a baculovirus promoter. A baculovirus promoter is any DNA 
sequence capable of binding a baculovirus RNA polymerase and initiating the downstream (5' to 3*) transcription 
10 of a coding sequence (e.g. structural gene) into mRNA. A promoter will have a transcription initiation region 
which is usually placed proximal to the 5 1 end of the coding sequence. This transcription initiation region usually 
includes an RNA polymerase binding site and a transcription initiation site. A baculovirus transfer vector may 
also have a second domain called an enhancer, which, if present, is usually distal to the structural gene. 
Expression may be either regulated or constitutive. 

15 Structural genes, abundantly transcribed at late times in a viral infection cycle, provide particularly useful 
promoter sequences. Examples include sequences derived from the gene encoding the viral polyhedron protein, 
Friesen et al., (1986) "The Regulation of Baculovirus Gene Expression," in: The Molecular Biology of 
Baculoviruses (ed. Walter Doerfler); EPO Publ. Nos. 127 839 and 155 476; and the gene encoding the plO 
protein, Vlak et al., (1988), J. Gen. Virol. 69:165. 

20 DNA encoding suitable signal sequences can be derived from genes for secreted insect or baculovirus proteins, 
such as the baculovirus polyhedrin gene (Carbonell et al. (1988) Gene, 73:409). Alternatively, since the signals 
for mammalian cell posttranslational modifications (such as signal peptide cleavage, proteolytic cleavage, and 
phosphorylation) appear to be recognized by insect cells, and the signals required for secretion and nuclear 
accumulation also appear to be conserved between the invertebrate cells and vertebrate cells, leaders of non- 
25 insect origin, such as those derived from genes encoding human cc-interferon, Maeda et al., (1985), Nature 
315:592; human gastrin-releasing peptide, Lebacq-Verheyden et al., (1988), Molec. Cell. Biol. 5:3129; human 
IL-2, Smith et al„ (1985) Proc. Nat'l Acad Sci. USA, 52:8404; mouse IL-3, (Miyajima et al., (1987) Gene 
55:273; and human glucocerebrosidase, Martin et al. (1988) DNA, 7:99, can also be used to provide for secretion 
in insects. 

30 A recombinant polypeptide or polyprotein may be expressed intracellularly or, if it is expressed with the proper 
regulatory sequences, it can be secreted. Good intracellular expression of nonfused foreign proteins usually 
requires heterologous genes that ideally have a short leader sequence containing suitable translation initiation 
signals preceding an ATG start signal. If desired, methionine at the N-terminus may be cleaved from the mature 
protein by in vitro incubation with cyanogen bromide. 

35 Alternatively, recombinant polyproteins or proteins which are not naturally secreted can be secreted from the 
insect cell by creating chimeric DNA molecules that encode a fusion protein comprised of a leader sequence 
fragment that provides for secretion of the foreign protein in insects. The leader sequence fragment usually 
encodes a signal peptide comprised of hydrophobic amino acids which direct the translocation of the protein into 
the endoplasmic reticulum. 
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After insertion of the DNA sequence and/or the gene encoding the expression product precursor of the protein, 
an insect cell host is co-transformed with the heterologous DNA of the transfer vector and the genomic DNA of 
wild type baculovirus ~ usually by co-transfection. The promoter and transcription termination sequence of the 
construct will usually comprise a 2-5kb section of the baculovirus genome. Methods for introducing 
heterologous DNA into the desired site in the baculovirus virus are known in the art. (See Summers and Smith 
supra; Ju et al. (1987); Smith et al., Mol Cell Biol. (1983) 5:2156; and Luckow and Summers (1989)). For 
example, the insertion can be into a gene such as the polyhedrin gene, by homologous double crossover 
recombination; insertion can also be into a restriction enzyme site engineered into the desired baculovirus gene. 
Miller et al., (1989), Bioessays 4:91. The DNA sequence, when cloned in place of the polyhedrin gene in the 
expression vector, is flanked both 5 ! and 3 1 by polyhedrin-specific sequences and is positioned downstream of 
the polyhedrin promoter. 

The newly formed baculovirus expression vector is subsequently packaged into an infectious recombinant 
baculovirus. Homologous recombination occurs at low frequency (between -1% and -5%); thus, the majority of 
the virus produced after cotransfection is still wild-type virus. Therefore, a method is necesssliry to identify 
recombinant viruses. An advantage of the expression system is a visual screen allowing recombinant viruses to 
be distinguished. The polyhedrin protein, which is produced by the native virus, is produced at very high levels 
in the nuclei of infected cells at late times after viral infection. Accumulated polyhedrin protein forms occlusion 
bodies that also contain embedded particles. These occlusion bodies, up to 15(im in size, are highly retractile, 
giving them a bright shiny appearance that is readily visualized under the light microscope. Cells infected with 
recombinant viruses lack occlusion bodies. To distinguish recombinant virus from wild-type virus, the 
transfection supernatant is plaqued onto a monolayer of insect cells by techniques known to those skilled in the 
art. Namely, the plaques are screened under the light microscope for the presence (indicative of wild-type virus) 
or absence (indicative of recombinant virus) of occlusion bodies. "Current Protocols in Microbiology" Vol. 2 
(Ausubel et al. eds) at 16.8 (Supp. 10, 1990); Summers & Smith, supra; Miller et al. (1989). 

Recombinant baculovirus expression vectors have been developed for infection into several insect cells. For 
example, recombinant baculoviruses have been developed for, inter alia: Aedes aegypti , Autographa 
californica, Bombyx mori, Drosophila melanogaster, Spodoptera frugiperda, and Trichoplusia ni (WO 
89/046699; Carbonell et al., (1985) J. Virol 56:153; Wright (1986) Nature 327:718; Smith et al., (1983) Mol 
Cell Biol 3:2156; and see generally, Fraser, et al (1989) In Vitro Cell Dev. Biol 25:225). 

Cells and cell culture media are commercially available for both direct and fusion expression of heterologous 
polypeptides in a baculovirus/expression system; cell culture technology is generally known to those skilled in 
the art. See, e.g. Summers and Smith supra. 

The modified insect cells may then be grown in an appropriate nutrient medium, which allows for stable 
maintenance of the plasmid(s) present in the modified insect host. Where the expression product gene is under 
inducible control, the host may be grown to high density, and expression induced. Alternatively, where 
expression is constitutive, the product will be continuously expressed into the medium and the nutrient medium 
must be continuously circulated, while removing the product of interest and augmenting depleted nutrients. The 
product may be purified by such techniques as chromatography, e.g. HPLC, affinity chromatography, ion 
exchange chromatography, etc.; electrophoresis; density gradient centrifugation; solvent extraction, or the like. 
As appropriate, the product may be further purified, as required, so as to remove substantially any insect proteins 
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which are also secreted in the medium or result from lysis of insect cells, so as to provide a product which is at 
least substantially free of host debris, e.g. proteins, lipids and polysaccharides. 

In order to obtain protein expression, recombinant host cells derived from the transformants are incubated under 
conditions which allow expression of the recombinant protein encoding sequence. These conditions will vary, 
dependent upon the host cell selected. However, the conditions are readily ascertainable to those of ordinary skill 
in the art, based upon what is known in the art. 

iii. Plant Systems 

There are many plant cell culture and whole plant genetic expression systems known in the art. Exemplary plant 
cellular genetic expression systems include those described in patents, such as: US 5,693,506; US 5,659,122; 
and US 5,608,143. Additional examples of genetic expression in plant cell culture has been described by Zenk, 
Phytochemistry 30:3861-3863 (1991). Descriptions of plant protein signal peptides may be found in addition to 
the references described above in Vaulcombe et al., Mol. Gen. Genet. 209:33-40 (1987); Chandler et aL, Plant 
Molecular Biology 3:407-418 (1984); Rogers, J. Biol. Chem. 260:3731-3738 (1985); Rothstein et al., Gene 
55:353-356 (1987); Whittier et al., Nucleic Acids Research 15:2515-2535 (1987); Wirsel et al., Molecular 
Microbiology 3:3-14 (1989); Yu et al., Gene 122:247-253 (1992). A description of the regulation of plant gene 
expression by the phytohormone, gibberellic acid and secreted enzymes induced by gibberellic acid can be found 
in R.L. Jones and J. MacMillin, Gibberellins: in: Advanced Plant Physiology,. Malcolm B. Wilkins, ed., 1984 
Pitman Publishing Limited, London, pp. 21-52. References that describe other metabolically-regulated genes: 
Sheen, Plant Cell, 2:1027-1038(1990); Maas et al., EMBO J. 9:3447-3452 (1990); Benkel and Hickey, Proc. 
Natl. Acad. Sci. 84:1337-1339 (1987) 

Typically, using techniques known in the art, a desired polynucleotide sequence is inserted into an expression 
cassette comprising genetic regulatory elements designed for operation in plants. The expression cassette is 
inserted into a desired expression vector with companion sequences upstream and downstream from the 
expression cassette suitable for expression in a plant host. The companion sequences will be of plasmid or viral 
origin and provide necessary characteristics to the vector to permit the vectors to move DNA from an original 
cloning host, such as bacteria, to the desired plant host. The basic bacterial/plant vector construct will preferably 
provide a broad host range prokaryote replication origin; a prokaryote selectable marker; and, for Agrobacterium 
transformations, T DNA sequences for Agrobacterium-mediated transfer to plant chromosomes. Where the 
heterologous gene is not readily amenable to detection, the construct will preferably also have a selectable 
marker gene suitable for determining if a plant cell has been transformed. A general review of suitable markers, 
for example for the members of the grass family, is found in Wilmink and Dons, 1993, Plant Mol. Biol. Reptr, 
11(2):165-185. 

Sequences suitable for permitting integration of the heterologous sequence into the plant genome are also 
recommended. These might include transposon sequences and the like for homologous recombination as well as 
Ti sequences which permit random insertion of a heterologous expression cassette into a plant genome. Suitable 
prokaryote selectable markers include resistance toward antibiotics such as ampicillin or tetracycline. Other 
DNA sequences encoding additional fiinctions may also be present in the vector, as is known in the art. 

The nucleic acid molecules of the subject invention may be included into an expression cassette for expression 
of the protein(s) of interest. Usually, there will be only one expression cassette, although two or more are 
feasible. The recombinant expression cassette will contain in addition to the heterologous protein encoding 
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sequence the following elements, a promoter region, plant 5 1 untranslated sequences, initiation codon depending 
upon whether or not the structural gene comes equipped with one, and a transcription and translation termination 
sequence. Unique restriction enzyme sites at the 5 1 and 3' ends of the cassette allow for easy insertion into a pre- 
existing vector. 

5 A heterologous coding sequence may be for any protein relating to the present invention. The sequence encoding 
the protein of interest will encode a signal peptide which allows processing and translocation of the protein, as 
appropriate, and will usually lack any sequence which might result in the binding of the desired protein of the 
invention to a membrane. Since, for the most part, the transcriptional initiation region will be for a gene which is 
expressed and translocated during germination, by employing the signal peptide which provides for 
10 translocation, one may also provide for translocation of the protein of interest In this way, the protein(s) of 
interest will be translocated from the cells in which they are expressed and may be efficiently harvested. 
Typically secretion in seeds are across the aleurone or scutellar epithelium layer into the endosperm of the seed. 
While it is not required that the protein be secreted from the cells in which the protein is produced, this 
facilitates the isolation and purification of the recombinant protein. 

1 5 Since the ultimate expression of the desired gene product will be in a eucaryotic cell it is desirable to determine 
whether any portion of the cloned gene contains sequences which will be processed out as introns by the host's 

splicosome machinery. If so, site-directed mutagenesis of the "intron" region may be conducted to prevent losing 

a portion of the genetic message as a false intron code, Reed and Maniatis, Cell 41 :95-105, 1985. 

The vector can be microinjected directly into plant cells by use of micropipettes to mechanically transfer the 
20 recombinant DNA. Crossway, Mol Gen. Genet, 202:179-185, 1985. The genetic material may also be 
transferred into the plant cell by using polyethylene glycol, Krens, et al., Nature, 296, 72-74, 1982. Another 
method of introduction of nucleic acid segments is high velocity ballistic penetration by small particles with the 
nucleic acid either within the matrix of small beads or particles, or on the surface, Klein, et al., Nature, 327, 70- 
73, 1987 and Knudsen and Muller, 1991, Planta, 185:330-336 teaching particle bombardment of barley 
25 endosperm to create transgenic barley. Yet another method of introduction would be fusion of protoplasts with 
other entities, either minicells, cells, lysosomes or other fusible lipid-surfaced bodies, Fraley, et al., Proc. Natl 
Acad. Set USA,19, 1859-1863, 1982. 

The vector may also be introduced into the plant cells by electroporation. (Fromm et al., Proc. Natl Acad. Set 
USA 82:5824, 1985). In this technique, plant protoplasts are electroporated in the presence of plasmids 
30 containing the gene construct. Electrical impulses of high field strength reversibly permeabilize biomembranes 
allowing the introduction of the plasmids. Electroporated plant protoplasts reform the cell wall, divide, and form 
plant callus. 

All plants from which protoplasts can be isolated and cultured to give whole regenerated plants can be 
transformed by the present invention so that whole plants are recovered which contain the transferred gene. It is 

35 known that practically all plants can be regenerated from cultured cells or tissues, including but not limited to all 
major species of sugarcane, sugar beet, cotton, fruit and other trees, legumes and vegetables. Some suitable 
plants include, for example, species from the genera Fragaria, Lotus, Medicago, Onobrychis, Trifoliwn, 
Trigonella, Vigna, Citrus, Linum, Geranium, Manihot, Daucus, Arabidopsis, Brassica, Raphanus, Sinapis, 
Atropa, Capsicum, Datura, Hyoscyamus, Lycopersion, Nicotiana, Solanum, Petunia, Digitalis, Majorana, 

40 Cichorium, Helianthus, Lactuca, Bromus, Asparagus, Antirrhinum, Hererocallis, Nemesia, Pelargonium, 
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Panicum, Pennisetum, Ranunculus, Senecio, Salpiglossis, Cucumis, Browaalia, Glycine, Lolium, Zea, Triticum 
Sorghum, and Datura. 

Means for regeneration vary from species to species of plants, but generally a suspension of transformed 
protoplasts containing copies of the heterologous gene is first provided. Callus tissue is formed and shoots may 
be induced from callus and subsequently rooted. Alternatively, embryo formation can be induced from the 
protoplast suspension. These embryos germinate as natural embryos to form plants. The culture media will 
generally contain various amino acids and hormones, such as auxin and cytokines. It is also advantageous to 
add glutamic acid and proline to the medium, especially for such species as corn and alfalfa. Shoots and roots 
normally develop simultaneously. Efficient regeneration will depend on the medium, on the genotype, and on 
the mstory of the culture. If these three variables are controlled, then regeneration is folly reproducible and 
repeatable. 

In some plant cell culture systems, the desired protein of the invention may be excreted or alternatively the 
protein may be extracted from the whole plant. Where the desired protein of the invention is secreted into the 
medium, rt . may be collected. Alternatively, the embryos and embryoless-half seeds or other plant tissue may be 
mechamcally disrupted to release any secreted protein between cells and tissues. The mixture may be suspended 
in a buffer solution to retrieve soluble proteins. Conventional protein isolation and purification methods will be 
then used to purify the recombinant protein. Parameters of time, temperature pH, oxygen, and volumes will be 
adjusted through routine methods to optimize expression and recovery of heterologous protein. 
iv. Bacterial Systems 

Bacterial expression techniques are known in the art. A bacterial promoter is any DNA sequence capable of 
bindmg bactenal RNA polymerase and initiating the downstream (3') transcription of a coding sequence (e s . 
structural gene) into mRNA. A promoter will have a transcription initiation region which is usually placed 
proximal to the 5' end of the coding sequence. This transcription initiation region usually includes an RNA 
polymerase binding site and a transcription initiation site. A bacterial promoter may also have a second domain 
called an operator, that may overlap an adjacent RNA polymerase binding site at which RNA synthesis begins 
The operator permits negative regulated (inducible) transcription, as a gene repressor protein may bind the 
operator and thereby inhibit transcription of a specific gene. Constitutive expression may occur in the absence of 
negative regulatory elements, such as the operator. In addition, positive regulation may be achieved by a gene 
activator protein binding sequence, which, if present is usually proximal (5') to the RNA polymerase binding 
sequence An example of a gene activator protein is the catabolite activator protein (CAP), which helps initiate 
franscnption of the lac operon in Escherichia coli (E. coli) [Rajbaud et al. (1984) Annu. Rev. Genet 7*173] 
Regulated expression may therefore be either positive or negative, thereby either enhancing or reducing 
transcription. 

Sequences encoding metabolic pathway enzymes provide particularly useful promoter sequences. Examples 

T t ST" SeqUenCCS d6riVed fr ° m SUgar metabolizi "8 such as galactose, lactose (lac) [Chang */ 

al. (1977) Nature 7P 5 :1056], and maltose. Additional examples include promoter sequences derived from 
biosynthetic enzymes such as tryptophan (trp) [Goeddel et al. (1980) Nuc. Acids Res. 5:4057; Yelverton et al. 
(mi)NucL Acids Res. 9:131; US patent 4,738,92 1 ; EP-A-0036776 and EP-A-0121775]. The g-Iaotamase (bla) 
promoter system [Weissmann (1981) "The cloning of interferon and other mistakes." In Interferon 3 (ed I 




Gresser)], bacteriophage lambda PL [Shimatake et al (1981) Nature 292:US] and T5 [US patent 4,689,406] 
promoter systems also provide useful promoter sequences. 

In addition, synthetic promoters which do not occur in nature also function as bacterial promoters. For example, 
transcription activation sequences of one bacterial or bacteriophage promoter may be joined with the operon 
5 sequences of another bacterial or bacteriophage promoter, creating a synthetic hybrid promoter [US 
patent 4,551,433]. For example, the tac promoter is a hybrid trp-lac promoter comprised of both trp promoter 
and lac operon sequences that is regulated by the lac repressor [Amann et al (1983) Gene 25:167; de Boer et al 
(1983) Proc. Natl Acad Sci. 30:21]. Furthermore, a bacterial promoter can include naturally occurring 
promoters of non-bacterial origin that have the ability to bind bacterial RNA polymerase and initiate 
1 0 transcription. A naturally occurring promoter of non-bacterial origin can also be coupled with a compatible RNA 
polymerase to produce high levels of expression of some genes in prokaryotes. The bacteriophage T7 RNA 
polymerase/promoter system is an example of a coupled promoter system [Studier et al (1986) J. Mol Biol 
759:113; Tabor et al (1985) Proc Natl Acad Sci. 52:1074]. In addition, a hybrid promoter can also be 
comprised of a bacteriophage promoter and an E. coli operator region (EPO-A-0 267 851). 

15 In addition to a functioning promoter sequence, an efficient ribosome binding site is also useful for the 
expression of foreign genes in prokaryotes. In E. coli, the ribosome binding site is called the Shine-Dalgarno 

(SH) sequence and includes an initiation codon (ATG) and a sequence 3-9 nucleotides in length loca ted 3-1 1 

nucleotides upstream of the initiation codon [Shine et al (1975) Nature 254:34]. The SD sequence is thought to 
promote binding of mRNA to the ribosome by the pairing of bases between the SD sequence and the 3' and of E. 

20 coli 16S rKNA [Steitz et al (1979) "Genetic signals and nucleotide sequences in messenger RNA." In Biological 
Regulation and Development: Gene Expression (ed. R.F. Goldberger)]. To express eukaryotic genes and 
prokaryotic genes with weak ribosome-binding site [Sambrook et al (1989) "Expression of cloned genes in 
Escherichia coli." In Molecular Cloning: A Laboratory Manual]. 

A DNA molecule may be expressed intracellularly. A promoter sequence may be directly linked with the DNA 
25 molecule, in which case the first amino acid at the N-terminus will always be a methionine, which is encoded by 
the ATG start codon. If desired, methionine at the N-terminus may be cleaved from the protein by in vitro 
incubation with cyanogen bromide or by either in vivo on in vitro incubation with a bacterial methionine N- 
terminal peptidase (EPO-A-0 219 237). 

Fusion proteins provide an alternative to direct expression. Usually, a DNA sequence encoding the N-terminal 
30 portion of an endogenous bacterial protein, or other stable protein, is fused to the 5* end of heterologous coding 
sequences. Upon expression, this construct will provide a fusion of the two amino acid sequences. For example, 
the bacteriophage lambda cell gene can be linked at the 5' terminus of a foreign gene and expressed in bacteria. 
The resulting fusion protein preferably retains a site for a processing enzyme (factor Xa) to cleave the 
bacteriophage protein from the foreign gene [Nagai et al (1984) Nature 30P:81O]. Fusion proteins can also be 
35 made with sequences from the lacZ [Jia et al (1987) Gene £0:197], trpE [Allen et al. (1987) J. Biotechnol. 5:93; 
Makoff et al (1989) J. Gen. Microbiol 735:11], and Chey [EP-A-0 324 647] genes. The DNA sequence at the 
junction of the two amino acid sequences may or may not encode a cleavable site. Another example is a 
ubiquitin fusion protein. Such a fusion protein is made with the ubiquitin region that preferably retains a site for 
a processing enzyme {e.g. ubiquitin specific processing-protease) to cleave the ubiquitin from the foreign 
40 protein. Through this method, native foreign protein can be isolated [Miller et al (1 989) Bio/T echnology 7:698]. 
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Altematively, foreign proteins can also be secreted from the cell by creating chimeric DNA molecules that 
encode a fusion protein comprised of a signal peptide sequence fragment that provides for secretion of the 
foreign protein in bacteria [US patent 4,336,336]. The signal sequence fragment usually encodes a signal peptide 
comprised of hydrophobic amino acids which direct the secretion of the protein from the cell. The protein is 
either secreted into the growth media (gram-positive bacteria) or into the periplasmic space, located between the 
inner and outer membrane of the cell (gram-negative bacteria). Preferably there are processing sites, which can 
be cleaved either in vivo or in vitro encoded between the signal peptide fragment and the foreign gene. 

DNA encoding suitable signal sequences can be derived from genes for secreted bacterial proteins, such as the 
E. coli outer membrane protein gene (ompA) [Masui et al. (1983), in: Experimental Manipulation of Gene 
Expression-, Ghrayeb et al. (1984) EMBOJ. 3-243TI and the E. coli alkaline phosphatase signal sequence (phoA) 
[Oka et al. (1985) Proc. Natl. Acad. Sci. 52:7212]. As an additional example, the signal sequence of the alpha- 
amylase gene from various Bacillus strains can be used to secrete heterologous proteins from B. subtilis [Palva et 
al. (1982) Proc. Natl. Acad. Sci. USA 7P:5582; EP-A-0 244 042]. 

Usually, transcription termination sequences recognized by bacteria are regulatory regions located 3' to the 
translation stop codon, and thus together with the promoter flank the coding sequence. These sequences direct 
the transcription of an mRNA which can be translated into the polypeptide encoded by the DNA. Transcription 
termination sequences frequently include DNA sequences of about 50 nucleotides capable of forming stem loop 
structures that aid in terminating transcription. Examples include transcription termination sequences derived 
from genes with strong promoters, such as the trp gene in E. coli as well as other biosynthetic genes. 

Usually, the above described components, comprising a promoter, signal sequence (if desired), coding sequence 
of interest, and transcription termination sequence, are put together into expression constructs. Expression 
constructs are often maintained in a replicon, such as an extrachromosomal element (e.g. plasmids) capable of 
stable maintenance in a host, such as bacteria. The replicon will have a replication system, thus allowing it to be 
maintained in a prokaryotic host either for expression or for cloning and amplification. In addition, a replicon 
may be either a high or low copy number plasmid. A high copy number plasmid will generally have a copy 
number ranging from about 5 to about 200, and usually about 10 to about 150. A host containing a high copy 
number plasmid will preferably contain at least about 10, and more preferably at least about 20 plasmids. Either 
a high or low copy number vector may be selected, depending upon the effect of the vector and the foreign 
protein on the host. 

Alternatively, the expression constructs can be integrated into the bacterial genome with an integrating vector. 
Integrating vectors usually contain at least one sequence homologous to the bacterial chromosome that allows 
the vector to integrate. Integrations appear to result from recombinations between homologous DNA in the 
vector and the bacterial chromosome. For example, integrating vectors constructed with DNA from various 
Bacillus strains integrate into the Bacillus chromosome (EP-A- 0 127 328). Integrating vectors may also be 
comprised of bacteriophage or transposon sequences. 

Usually, extrachromosomal and integrating expression constructs may contain selectable markers to allow for 
the selection of bacterial strains that have been transformed. Selectable markers can be expressed in the bacterial 
host and may include genes which render bacteria resistant to drugs such as ampicillin, chloramphenicol, 
erythromycin, kanamycin (neomycin), and tetracycline [Davies et al. (1978) Annu. Rev. Microbiol. 32:469]. 




Selectable markers may also include biosynthetic genes, such as those in the histidine, tryptophan, and leucine 
biosynthetic pathways. 

Alternatively, some of the above described components can be put together in transformation vectors. 
Transformation vectors are usually comprised of a selectable market that is either maintained in a replicon or 
5 developed into an integrating vector, as described above. 

Expression and transformation vectors, either extra-chromosomal replicons or integrating vectors, have been 
developed for transformation into many bacteria. For example, expression vectors have been developed for, inter 
alia, the following bacteria: Bacillus subtilis [Palva et al (1982) Proc. Natl Acad Set USA 7P:5582; EP-A-0 
036 259 and EP-A-0 063 953; WO 84/04541], Escherichia coli [Shimatake etal (1981) Nature 292:\2S; Amann 
10 et al (1985) Gene 40:183; Studier et al (1986) J. Mol Biol 189:113; EP-A-0 036 776,EP-A-0 136 829 and EP- 
A-0 136 907], Streptococcus cremoris [Powell et al (1988) Appl Environ. Microbiol 54:655]; Streptococcus 
lividans [Powell et al Q9&$)Appl Environ. Microbiol 54:655], Streptomyces lividans [US patent 4,745,056]. 

Methods of introducing exogenous DNA into bacterial hosts are well-known in the art, and usually include 

either the transformation of bacteria treated with CaCl 2 or other agents, such as divalent cations and DMSO. 
1 5 DNA can also be introduced into bacterial cells by electroporation. Transformation procedures usually vary with 

the bacterial species to be transformed. See e.g. [Masson et al (1989) FEMS Microbiol Lett. 60:273; Palva et al 
(1982) Proc. Natl Acad. Set. DS T795S 82 ; EP -A- 0 0 3 6 2 59 -amH3F«^VQ^63-9g3^^ Bacillus], 

[Miller et al (1988) Proc. Natl Acad. Sci. 55:856; Wang et al (1990) J. Bacteriol 772:949, Campylobacter], 

[Cohen et al (1973) Proc. Natl Acad. Sci. 69:2110; Dower et al (1988) Nucleic Acids Res. 76:6127; Kushner 
20 (1978) "An improved method for transformation of Escherichia coli with ColEl -derived plasmids. In Genetic 

Engineering: Proceedings of the International Symposium on Genetic Engineering (eds. H.W. Boyer and S. 

Nicosia); Mandel et al (1970) J. Mol. Biol 53:159; Taketo (1988) Biochim. Biophys. Acta 949:318; 

Escherichia], [Chassy et al (1987) FEMS Microbiol Lett. 44:173 Lactobacillus]; [Fiedler et al (1988) Anal 

Biochem 770:38, Pseudomonas]; [Augustin et al (1990) FEMS Microbiol. Lett. 66:203, Staphylococcus], 
25 [Barany et al (1980) J. Bacteriol 744:698; Harlander (1987) "Transformation of Streptococcus lactis by 

electroporation, in: Streptococcal Genetics (ed. J. Ferretti and R. Curtiss III); Perry et al (1981) Infect. Immun. 

32:1295; Powell et al (1988) Appl. Environ. Microbiol 54:655; Somkuti et al (1987) Proc. 4th Evr. Cong. 

Biotechnology 7:412, Streptococcus]. 

v. Yeast Expression 

30 Yeast expression systems are also known to one of ordinary skill in the art. A yeast promoter is any DNA 
sequence capable of binding yeast RNA polymerase and initiating the downstream (3') transcription of a coding 
sequence (e.g. structural gene) into mRNA. A promoter will have a transcription initiation region which is 
usually placed proximal to the 5 1 end of the coding sequence. This transcription initiation region usually includes 
an KNA polymerase binding site (the "TATA Box") and a transcription initiation site. A yeast promoter may 

35 also have a second domain called an upstream activator sequence (UAS), which, if present, is usually distal to 
the structural gene. The UAS permits regulated (inducible) expression. Constitutive expression occurs in the 
absence of a UAS. Regulated expression may be either positive or negative, thereby either enhancing or 
reducing transcription. 

Yeast is a fermenting organism with an active metabolic pathway, therefore sequences encoding enzymes in the 
40 metabolic pathway provide particularly useful promoter sequences. Examples include alcohol dehydrogenase 
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(ADH) (EP-A-0 284 044), enolase, glucokinase, glucose-6-phosphate isomerase, glyceraldehyde-3-phosphate- 
dehydrogenase (GAP or GAPDH), hexokinase, phosphofructokiiiase, 3-phosphoglycerate mutase, and pyruvate 
kinase (PyK) (EPO-A-0 329 203). The yeast PH05 gene, encoding acid phosphatase, also provides useful 
promoter sequences [Myanohara et al (1983) Proc. Natl Acad. Sci. USA 50:1]. 

5 In addition, synthetic promoters which do not occur in nature also function as yeast promoters. For example, 
UAS sequences of one yeast promoter may be joined with the transcription activation region of another yeast 
promoter, creating a synthetic hybrid promoter. Examples of such hybrid promoters include the ADH regulatory 
sequence linked to the GAP transcription activation region (US Patent Nos. 4,876,197 and 4,880,734). Other 
examples of hybrid promoters include promoters which consist of the regulatory sequences of either the ADH2, 

10 GAL4, GAL10, OR PH05 genes, combined with the transcriptional activation region of a glycolytic enzyme 
gene such as GAP or PyK (EP-A-0 164 556). Furtheimore, a yeast promoter can include naturally occurring 
promoters of non-yeast origin mat have the ability to bind yeast RNA polymerase and initiate transcription. 
Examples of such promoters include, inter alia, [Cohen et al. (1980) Proc. Natl Acad. Sci. USA 77:1078; 
Henikoff et al. (1981) Nature 253:835; Hollenberg et al. (1981) Curr. Topics Microbiol. Immunol. 96'.\\9; 

15 Hollenberg et al. (1979) "The Expression of Bacterial Antibiotic Resistance Genes in the Yeast Saccharomyces 
cerevisiae," in: Plasmids of Medical, Environmental and Commercial Importance (eds. K.N. Timmis and A. 
Puhler); Mercerau-Puigalon et al. (1980) Gene 77:163; Panthier et al. (1980) Curr. Genet. 2:109;]. 

A DNA molecule may be expressed intracellularly in yeast. A promoter sequence may be directly linked with 
the DNA molecule, in which case the first amino acid at the N-terminus of the recombinant protein will always 
20 be a methionine, which is encoded by the ATG start codon. If desired, methionine at the N-terminus may be 
cleaved from the protein by in vitro incubation with cyanogen bromide. 

Fusion proteins provide an alternative for yeast expression systems, as well as in mammalian, baculovirus, and 
bacterial expression systems. Usually, a DNA sequence encoding the N-tenninal portion of an endogenous yeast 
protein, or other stable protein, is fused to the 5' end of heterologous coding sequences. Upon expression, this 

25 construct will provide a fusion of the two amino acid sequences. For example, the yeast or human superoxide 
dismutase (SOD) gene, can be linked at the 5' terminus of a foreign gene and expressed in yeast. The DNA 
sequence at the junction of the two amino acid sequences may or may not encode a cleavable site. See e.g. EP- 
A-0 196 056. Another example is a ubiquitin fusion protein. Such a fusion protein is made with the ubiquitin 
region that preferably retains a site for a processing enzyme (e.g. ubiquitin-specific processing protease) to 

30 cleave the ubiquitin from the foreign protein. Through this method, therefore, native foreign protein can be 
isolated {e.g. WO88/024066). 

Alternatively, foreign proteins can also be secreted from the cell into the growth media by creating chimeric 
DNA molecules that encode a fusion protein comprised of a leader sequence fragment that provide for secretion 
in yeast of the foreign protein. Preferably, there are processing sites encoded between the leader fragment and 
35 the foreign gene that can be cleaved either in vivo or in vitro. The leader sequence fragment usually encodes a 
signal peptide comprised of hydrophobic amino acids which direct the secretion of the protein from the cell. 
DNA encoding suitable signal sequences can be derived from genes for secreted yeast proteins, such as the 
genes for invertase (EP-A-00 12873; JPO 62,096,086) and A-factor (US patent 4,588,684). Alternatively, leaders 
of non-yeast origin exit, such as an interferon leader, that also provide for secretion in yeast (EP-A-0060057). 




A preferred class of secretion leaders are those that employ a fragment of the yeast alpha-factor gene, which 
contains both a "pre" signal sequence, and a "pro" region. The types of alpha-factor fragments that can be 
employed include the full-length pre-pro alpha factor leader (about 83 amino acid residues) as well as truncated 
alpha-factor leaders (usually about 25 to about 50 amino acid residues) (US Patents 4,546,083 and 4,870,008; 
5 EP-A-0 324 274). Additional leaders employing an alpha-factor leader fragment that provides for secretion 
include hybrid alpha-factor leaders made with a presequence of a first yeast, but a pro-region from a second 
yeast alphafactor. (e.g. see WO 89/024630 

Usually, transcription termination sequences recognized by yeast are regulatory regions located 3 1 to the 
translation stop codon, and thus together with the promoter flank the coding sequence. These sequences direct 
10 the transcription of an mKNA which can be translated into the polypeptide encoded by the DNA. Examples of 
transcription terminator sequence and other yeast-recognized termination sequences, such as those coding for 
glycolytic enzymes. 

Usually, the above described components, comprising a promoter, leader (if desired), coding sequence of 
interest, and transcription termination sequence, are put together into expression constructs. Expression 

15 constructs are often maintained in a replicon, such as an extrachromosomal element (e.g. plasmids) capable of 
stable maintenance in a host, such as yeast or bacteria. The replicon may have two replication systems, thus 

allowing it tn hp. m aintainf^ for example, in veast for expression and in a prokaryotic host for cloning and 

amplification. Examples of such yeast-bacteria shuttle vectors include YEp24 [Botstein et al. (1979) Gene 5:17- 
24], pCl/1 [Brake et al (1984) Proc. Natl Acad Sci USA 57:4642-4646], and YRpl7 [Stinchcomb et al. (1982) 

20 J. Mol. Biol. 758:157]. In addition, a replicon may be either a high or low copy number plasmid. A high copy 
number plasmid will generally have a copy number ranging from about 5 to about 200, and usually about 10 to 
about 150. A host containing a high copy number plasmid will preferably have at least about 10, and more 
preferably at least about 20. Enter a high or low copy number vector may be selected, depending upon the effect 
of the vector and the foreign protein on the host. See e.g. Brake et a/., supra. 

25 Alternatively, the expression constructs can be integrated into the yeast genome with an integrating vector. 
Integrating vectors usually contain at least one sequence homologous to a yeast chromosome that allows the 
vector to integrate, and preferably contain two homologous sequences flanking the expression construct. 
Integrations appear to result from recombinations between homologous DNA in the vector and the yeast 
chromosome [Orr-Weaver et al (1983) Methods in Enzymol 707:228-245]. An integrating vector may be 

30 directed to a specific locus in yeast by selecting the appropriate homologous sequence for inclusion in the vector. 
See Orr-Weaver et al, supra. One or more expression construct may integrate, possibly affecting levels of 
recombinant protein produced [Rine et al (1983) Proc. Natl Acad. Sci. USA 50:6750]. The chromosomal 
sequences included in the vector can occur either as a single segment in the vector, which results in the integra- 
tion of the entire vector, or two segments homologous to adjacent segments in the chromosome and flanking the 

35 expression construct in the vector, which can result in the stable integration of only the expression construct. 

Usually, extrachromosomal and integrating expression constructs may contain selectable markers to allow for 
the selection of yeast strains that have been transformed. Selectable markers may include biosynthetic genes that 
can be expressed in the yeast host, such as ADE2, HIS4, LEU2, TRP1, and ALG7 9 and the G41 8 resistance gene, 
which confer resistance in yeast cells to tunicamycin and G418, respectively. In addition, a suitable selectable 
40 marker may also provide yeast with the ability to grow in the presence of toxic compounds, such as metal. For 
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example, the presence of CUP J allows yeast to grow in the presence of copper ions [Butt et al (1987) 
Microbiol, Rev. 57:351]. 

Alternatively, some of the above described components can be put together into transformation vectors. 
Transformation vectors are usually comprised of a selectable marker that is either maintained in a replicon or 
developed into an integrating vector, as described above. 

Expression and transformation vectors, either extrachromosomal replicons or integrating vectors, have been 
developed for transformation into many yeasts. For example, expression vectors have been developed for, inter 
alia, the following yeasts:Candida albicans [Kurtz, et al. (1986) Mol. Cell. Biol. <J:142], Candida maltosa 
[Kunze, et al. (1985) J. Basic Microbiol 25:141]. Hansenula polymorpha [Gleeson, et al. (1986) J. Gen. 
Microbiol. 752:3459; Roggenkamp et al. (1986) Mol. Gen. Genet. 202:302], Kluyveromyces fragilis [Das, et al. 
(1984) J. Bacteriol. 755:1165], Kluyveromyces lactis [De Louvencourt et al. (1983) J. Bacteriol 154:737; Van 
den Berg et al. (1990) Bio/Technology 5:135], Pichia guillerimondii [Kunze et al. (1985) J. Basic Microbiol. 
25:141], Pichia pastoris [Cregg, etal. (1985) Mol Cell. Biol. 5:3376; US Patent Nos. 4,837,148 and 4,929,555], 
Saccharomyces cerevisiae [Hinnen et al. (1978) Proc. Natl. Acad. Sci. USA 75:1929; Ito et al. (1983) J. 
Bacteriol. 753:163], Schizosaccharomyces pombe [Beach and Nurse (1981) Nature 300:706], and Yarrowia 
lipolytica [Davidow, etal. (1985) Curr. Genet. 70:380471 GaiUardin, etal. (1985) Curr. Genet. 70:49]. 
Methods of introducing exogenous DNA into yeast hosts are well-known in the art, and usually include either 
the transformation of spheroplasts or of intact yeast cells treated with alkali cations. Transformation procedures 
usually vary with the yeast species to be transformed. See e.g. [Kurtz et al. (1986) Mol. Cell Biol. 6:142; Kunze 
et al. (1985) J. Basic Microbiol. 25:141; Candida]; [Gleeson et al (1986) J. Gen. Microbiol. 732:3459; 
Roggenkamp etal. (1986) Mol Gen. Genet. 202:302; Hansenula]; [Das etal. (1984)7. Bacteriol. 755:1165; De 
Louvencourt et al. (1983) J. Bacteriol. 75*1165; Van den Berg et al (1990) Bio/Technology 5:135; 
Kluyveromyces]; [Cregg et al (1985) Mol. Cell. Biol. 5:3376; Kunze et al. (1985) J. Basic Microbiol 25-141- 
US Patents 4,837,148 & 4,929,555; Pichia]; [Hinnen et al. (1978) Proc. Natl Acad. Sci. USA 75;1929; Ito et al 
(1983) J. Bacteriol 753:163 Saccharomyces]; [Beach & Nurse (1981) Nature 300:706; Schizosaccharomyces]; 
[Davidow et al (1985) Curr. Genet. 70:39; Gaillardin etal. (1985) Curr. Genet. 70:49; Yarrowia]. 
Pharmaceutical Compositions 

Pharmaceutical compositions can comprise polypeptides and/or nucleic acid of the invention. The 
pharmaceutical compositions will comprise a therapeutically effective amount of either polypeptides, antibodies, 
or polynucleotides of the claimed invention. 

The term "therapeutically effective amount" as used herein refers to an amount of a therapeutic agent to treat, 
ameliorate, or prevent a desired disease or condition, or to exhibit a detectable therapeutic or preventative effect 
The effect can be detected by, for example, chemical markers or antigen levels. Therapeutic effects also include 
reduction in physical symptoms, such as decreased body temperature. The precise effective amount for a subject 
will depend upon the subject's size and health, the nature and extent of the condition, and the therapeutics or 
combination of therapeutics selected for administration. Thus, it is not useful to specify an exact effective 
amount in advance. However, the effective amount for a given situation can be determined by routine 
experimentation and is within the judgement of the clinician. 

For purposes of the present invention, an effective dose will be from about 0.01 mg/ kg to 50 mg/kg or 0.05 
mg/kg to about 10 mg/kg of the DNA constructs in the individual to which it is administered. 
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A pharmaceutical composition can also contain a pharmaceutical acceptable carrier. The term 
"pharmaceutical^ acceptable carrier" refers to a carrier for administration of a therapeutic agent, such as 
antibodies or a polypeptide, genes, and other therapeutic agents. The term refers to any pharmaceutical carrier 
that does not itself induce the production of antibodies harmful to the individual receiving the composition, and 
which may be administered without undue toxicity. Suitable carriers may be large, slowly metabolized 
macromolecules such as proteins, polysaccharides, polylactic acids, polyglycolic acids, polymeric amino acids, 
amino acid copolymers, and inactive virus particles. Such carriers are well known to those of ordinary skill in 
the art. 

Pharmaceutical^ acceptable salts can be used therein, for example, mineral acid salts such as hydrochlorides, 
hydrobromides, phosphates, sulfates, and the like; and the salts of organic acids such as acetates, propionates, 
malonates, benzoates, and the like. A thorough discussion of pharmaceutical^ acceptable excipients is available 
in Remington's Pharmaceutical Sciences (Mack Pub. Co., NJ. 1991). 

Pharmaceutical^ acceptable carriers in therapeutic compositions may contain liquids such as water, saline, 
glycerol and ethanol. Additionally, auxiliary substances, such as wetting or emulsifying agents, pH buffering 
1 5 substances, and the like, may be present in such vehicles. Typically, the therapeutic compositions are prepared as 
injectables, either as liquid solutions or suspensions; solid forms suitable for solution in, or suspension in, liquid 
vehicles prior to injection may also be prepared. Liposomes are included within the definition of a 
pharmaceutical^ acceptable carrier. 
Delivery Methods 

20 Once formulated, the compositions of the invention can be administered directly to the subject. The subjects to 
be treated can be animals; in particular, human subjects can be treated. 

Direct delivery of the compositions will generally be accomplished by injection, either subcutaneously, 
intraperitoneally, intravenously or intramuscularly or delivered to the interstitial space of a tissue. The 
compositions can also be administered into a lesion. Other modes of administration include oral and pulmonary 
25 administration, suppositories, and transdermal or transcutaneous applications (e.g. see WO98/20734), needles, 
and gene guns or hyposprays. Dosage treatment may be a single dose schedule or a multiple dose schedule. 

Vaccines 

Vaccines according to the invention may either be prophylactic (ie. to prevent infection) or therapeutic (ie. to 
treat disease after infection). 

30 Such vaccines comprise immunising antigen(s), immunogen(s), polypeptide(s), protein(s) or nucleic acid, 
usually in combination with "pharmaceutical^ acceptable carriers," which include any carrier that does not itself 
induce the production of antibodies harmful to the individual receiving the composition. Suitable carriers are 
typically large, slowly metabolized macromolecules such as proteins, polysaccharides, polylactic acids, 
polyglycolic acids, polymeric amino acids, amino acid copolymers, lipid aggregates (such as oil droplets or 

35 liposomes), and inactive virus particles. Such carriers are well known to those of ordinary skill in the art. 
Additionally, these carriers may function as immunostimulating agents ("adjuvants"). Furthermore, the antigen 
or immunogen may be conjugated to a bacterial toxoid, such as a toxoid from diphtheria, tetanus, cholera, H. 
pylori, etc. pathogens. 
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Preferred adjuvants to enhance effectiveness of the composition include, but are not limited to: (1) aluminum 
salts (alum), such as aluminum hydroxide, aluminum phosphate, aluminum sulfate, etc; (2) oil-in-water 
emulsion formulations (with or without other specific immunostimulating agents such as muramyl peptides (see 
below) or bacterial cell wall components), such as for example (a) MF59™ (WO 90/14837; Chapter 10 in 
Vaccine design: the submit and adjuvant approach, eds. Powell & Newman, Plenum Press 1995), containing 
5% Squalene, 0.5% Tween 80, and 0.5% Span 85 (optionally containing various amounts of MTP-PE (see 
below), although not required) formulated into submicron particles using a microfluidizer such as Model 1 10Y 
microfluidizer (Microfluidics, Newton, MA), (b) SAF, containing 10% Squalane, 0.4% Tween 80, 5% pluronic- 
blocked polymer L121, and thr-MDP (see below) either microfluidized into a submicron emulsion or vortexed to 
generate a larger particle size emulsion, and (c) Ribi™ adjuvant system (RAS), (Ribi Immunochem, Hamilton, 
MT) containing 2% Squalene, 0.2% Tween 80, and one or more bacterial cell wall components from the group 
consisting of monophosphorylipid A (MPL), trehalose dimycolate (TDM), and cell wall skeleton (CWS), 
preferably MPL + CWS (Detox™); (3) saponin adjuvants, such as Stimulon™ (Cambridge Bioscience! 
Worcester, MA) may be used or particles generated therefrom such as ISCOMs (immunostimulating 
complexes); (4) Complete Freund's Adjuvant (CFA) and Incomplete Freund's Adjuvant (IFA); (5) cytokines, 
such as interleukins (e.g. IL-1, IL-2, IL-4, IL-5, DL-6, IL-7, IL-12, etc.), interferons (e.g. gamma interferon), 
macrophage colony stimulating factor (M-CSF), tumor necrosis factor (TNF), etc; and (6) other substances that 
act as immunostimulating agents to enhance the effectiveness of the composition. Alum and MF59™ are 
preferred. 

As mentioned above, muramyl peptides include, but are not limited to, N-acetyl-muramyl-L-threonyl-D- 
isoglutamine (thr-MDP), N-acetyl-normuramyl-L-alanyl-D-isoglutamine (nor-MDP), N-acetylmuramyl-L-alanyl- 
D-isoglutaminyl-L-alanine-2-(l '^'-dipalmitoyl-in-glycero-S-hydroxyphosphoryloxy^ethylamine (MTP-PE), etc. 

The immunogenic compositions (e.g. the immunising antigen/immunogen/polypeptide/protein/ nucleic acid, 
pharmaceutically acceptable carrier, and adjuvant) typically will contain diluents, such as water, saline, glycerol, 
ethanol, etc. Additionally, auxiliary substances, such as wetting or emulsifying agents, pH buffering substances, 
and the like, may be present in such vehicles. 

Typically, the immunogenic compositions are prepared as injectables, either as liquid solutions or suspensions; 
solid forms suitable for solution in, or suspension in, liquid vehicles prior to injection may also be prepared. The 
preparation also may be emulsified or encapsulated in liposomes for enhanced adjuvant effect, as discussed 
above under pharmaceutically acceptable carriers. 

Immunogenic compositions used as vaccines comprise an immunologically effective amount of the antigenic or 
immunogenic polypeptides, as well as any other of the above-mentioned components, as needed. By 
"immunologically effective amount", it is meant that the administration of that amount to an individual, either in 
a single dose or as part of a series, is effective for treatment or prevention. This amount varies depending upon 
the health and physical condition of the individual to be treated, the taxonomic group of individual to be treated 
(e.g. nonhuman primate, primate, etc.), the capacity of the individual's immune system to synthesize antibodies, 
the degree of protection desired, the formulation of the vaccine, the treating doctor's assessment of the medical 
situation, and other relevant factors. It is expected that the amount will fall in a relatively broad range that can be 
determined through routine trials. 




The immunogenic compositions are conventionally administered parenterally, e.g. by injection, either subcutan- 
eously, intramuscularly, or transdermally/transcutaneously (e.g. WO98/20734). Additional formulations suitable 
for other modes of administration include oral and pulmonary formulations, suppositories, and transdermal 
applications. Dosage treatment may be a single dose schedule or a multiple dose schedule. The vaccine may be 
5 administered in conjunction with other immunoregulatory agents. 

As an alternative to protein-based vaccines, DNA vaccination may be employed [e.g. Robinson & Torres (1997) 
Seminars in Immunology 9:271-283; Donnelly et al. (1997) Annu Rev Immunol 15:617-648; see later herein]. 

Gene Delivery Vehicles 

Gene therapy vehicles for delivery of constructs including a coding sequence of a therapeutic of the invention, to 
10 be delivered to the mammal for expression in the mammal, can be administered either locally or systemically. 
These constructs can utilize viral or non-viral vector approaches in in vivo or ex vivo modality. Expression of 
such coding sequence can be induced using endogenous mammalian or heterologous promoters. Expression of 
the coding sequence in vivo can be either constitutive or regulated. 

The invention includes gene delivery vehicles capable of expressing the contemplated nucleic acid sequences. 
15 The gene delivery vehicle is preferably a viral vector and, more preferably, a retroviral, adenoviral, 
adeno-associated viral (AAV), herpes viral, or alphavirus vector. The viral vector can also be an astrovirus, 
coronavirus, orthomyxov irus, papuvavhus, paiamyx u vm rerpa rvovirus , pi oo rnaviru s , pox v iru s , o r t ogav i rns viral 
vector. See generally, Jolly (1994) Cancer Gene Therapy 1:51-64; Kimura (1994) Human Gene Therapy 
5:845-852; Connelly (1995) Human Gene Therapy 6:185-193; and Kaplitt (1994) Nature Genetics 6:148-153. 

20 These recombinant retroviral vectors may be used to generate transduction competent retroviral vector particles 
by introducing them into appropriate packaging cell lines (see US patent 5,591,624). Retrovirus vectors can be 
constructed for site-specific integration into host cell DNA by incorporation of a chimeric integrase enzyme into 
the retroviral particle (see W096/37626). It is preferable that the recombinant viral vector is a replication 
defective recombinant virus. 

25 Packaging cell lines suitable for use with the above-described retrovirus vectors are well known in the art, are 
readily prepared (see WO95/30763 and WO92/05266), and can be used to create producer cell lines (also termed 
vector cell lines or "VCLs") for the production of recombinant vector particles. Preferably, the packaging cell 
lines are made from human parent cells (e.g. HT1080 cells) or mink parent cell lines, which eliminates 
inactivation in human serum. 

30 Preferred retroviruses for the construction of retroviral gene therapy vectors include Avian Leukosis Virus, 
Bovine Leukemia, Vims, Murine Leukemia Virus, Mink-Cell Focus-Inducing Virus, Murine Sarcoma Virus, 
Reticuloendotheliosis Virus and Rous Sarcoma Virus. Particularly preferred Murine Leukemia Viruses include 
4070A and 1504A (Hartley and Rowe (1976) J Virol 19:19-25), Abelson (ATCC No. VR-999), Friend (ATCC 
No. VR-245), Graffi, Gross (ATCC Nol VR-590), Kirsten, Harvey Sarcoma Virus and Rauscher (ATCC No. 

35 VR-998) and Moloney Murine Leukemia Virus (ATCC No. VR-190). Such retroviruses may be obtained from 
depositories or collections such as the American Type Culture Collection ("ATCC") in Rockville, Maryland or 
isolated from known sources using commonly available techniques. 

The gene therapy vectors of the invention also include herpes vectors. Leading and preferred examples are 
herpes simplex virus vectors containing a sequence encoding a thymidine kinase polypeptide such as those 
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TZZ^"' 641 EP017617 ° (R0i2man) ' Additi0nal exem P ,a ^ h ^ simplex virus vectors 
mc lude HFEI^ICP6-LacZ disclosed in WO95/04139 (Wistar), pHSVlac described in Geller (1988) S TZ 
241:1667-1669 and in WO90/09441 & WO92/07945, HSV Us3: Tg C-lacZ described in Fink 1992 *Z 

J" ? IT, !^ 7134> 2 1111 105 311(1 GAU dCSCribed in EP 0453242 (Breakefield), and those 

deposited with ATCC as accession numbers ATCC VR-977 and ATCC VR-260. 

Also contemplated are alpha virus gene therapy vectors that can be employed in this invention. Preferred alpha 
virus vectors are Sindbis viruses vectors. Togaviruses, Semliki Forest virus (ATCC VR-67; ATCC VR-1247) 
Middleberg virus ATCC VR-370), Ross River virus (ATCC VR-373; ATCC VR-1246), Venezuelan equine 
encephalitis virus ATCC VR923; ATCC VR-1250; ATCC VR-,249; ATCC VR-532), and those described in 

U ' n i!', f If 9 ' ^ W092/10578 - M ° re P3rtiCUlarly ' to ^ *- vect - Scribed in 

US ITn « ° 8/405 ' f\ T Cd ^ ,5 ' ^094/21792, WO92/10578, WO95/07994, US 5,091,309 and 

17,8 9 Z T Z : SUCh VirUS6S ^ be ° btaiDed fr0m de P° sitories or as the 

ATCC m Rockville, Maryland or isolated from known sources using commonly available techniques. 
Preferably, alphavirus vectors with reduced cytotoxicity are used (see USSN 08/679640). 

DNA vector systems such as eukaryotic layered expression systems are also useful for expressing the nucleic 

*l°lTr7 n ' 1 07 " 4 3 ^ deSCripti ° n ° f layered expression system, 

Preferably, the eukaryotu . layered expression systems of the invention are derived from alphavirus vectors and 
most preferably from Smdbis viral vectors. 

ATCC VR-58 and those described in Evans, Nature 339 (1989) 385 and Sabin (1973) J. Biol. Standardization 
1.1 15; rhinovirus, for example ATCC VR-1 1 10 and those described in Arnold (1990) J Cell Biochem L401 • pox 
viruses such as canary pox virus or vaccinia virus, for example ATCC VR-1 1 1 and ATCC VR-201 0 and foose 
descnbedinF.sher^ 

Z l Z h m u l ' 603 ' 112 ^ US 4 ' 769 ' 33 ° md W089/ ° 1973; SV4 ° ™ s ' *r example ATCC 
VR-305 and those described m Mulligan (1979) Nature 277:108 and Madzak (1992) J Gen Virol 73 1533- 

influenza virus for example ATCC VR-797 and recombinant influenza viruses made employing reverse geneticJ 
techniques as descnbed in US 5,166,057 and in Enami (1990) Proc Natl Acad Sci 87:3802 3805- Enami I 

309 6 r3 ( 7v "no^T 11 - 2713 ^ ^ ° 989) Ce " (S6e M ~ d983 ^ 

11 h H J^S*" 273:238 « d ^ (19?9) 277:108 )»- *— ' inununodeficiency virus as 

VR-67 and VR-1247 and those descnbed in EP-0440219; Aura virus, for example ATCC VR-368; Bebaru virus 
for example ATCC VR-600 and ATCC VR-1240; Cabassou virus, for example ATCC VR-922 Chikungunya 
virus, for example ATCC VR-64 and ATCC VR-1241 ; Fort Morgan Virus, for example ATCC VR-924- Getah 
virus, for example ATCC VR-369 and ATCC VR-1243; Kyzylagach virus, for example ATCC VR-927- Mayaro 
virus, for example ATCC VR-66; Mucambo virus, for example ATCC VR-580 and ATCC VR-1244- NdL 
virus, for example ATCC VR-371; Pixuna virus, for example ATCC VR-372 and ATCC VR-1245- Tonate 
virus for example ATCC VR-925; Triniti virus, for example ATCC VR-469; Una virus, for example ATCC 
VR-374; Whataroa virus, for example ATCC VR-926; Y-62-33 virus, for example ATCC VR-375; (XNyong 
virus Eastern encephalitis virus, for example ATCC VR-65 and ATCC VR-1242; Western encephalitis virus 

example ATCC VR-740 and those described in Hamre (1966) Proc Soc Exp Biol Med 121:190. 




Delivery of the compositions of this invention into cells is not limited to the above mentioned viral vectors. 

Other delivery methods and media may be employed such as, for example, nucleic acid expression vectors, 

polycationic condensed DNA linked or unlinked to killed adenovirus alone, for example see US Serial No. 

08/366,787, filed December 30, 1994 and Curiel (1992) Hum Gene Ther 3:147-154 ligand linked DNA, for 
5 example see Wu (1989) J Biol Chem 264:16985-16987, eucaryotic cell delivery vehicles cells, for example see 

US Serial No.08/240,030, filed May 9, 1994, and US Serial No. 08/404,796, deposition of photopolymerized 
hydrogel materials, hand-held gene transfer particle gun, as described in US Patent 5,149,655, ionizing radiation 
as described in US5,206,152 and in W092/1 1033, nucleic charge neutralization or fusion with cell membranes. 
Additional approaches are described in Philip (1994) Mol Cell Biol 14:241 1-2418 and in Woffendin (1994) Proc 
10 Natl Acad Sci 91:1581-1585. 

Particle mediated gene transfer may be employed, for example see US Serial No. 60/023,867. Briefly, the 
sequence can be inserted into conventional vectors that contain conventional control sequences for high level 
expression, and then incubated with synthetic gene transfer molecules such as polymeric DNA-binding cations 
like polylysine, protamine, and albumin, linked to cell targeting ligands such as asialoorosomucoid, as described 
15 in Wu & Wu (1987) J. Biol. Chem. 262:4429-4432, insulin as described in Hucked (1990) Biochem Pharmacol 
40:253-263, galactose as described in Plank (1992) Bioconjugate Chem 3:533-539, lactose or transferrin. 

Naked DNA may also be employed. Exemplary naked DNA introduction methods are described in WO90/1 1092 
and US 5,580,859. Uptake efficiency may be improved using biodegradable lulex beads. DNA-eeated-latex— 
beads are efficiently transported into cells after endocytosis initiation by the beads. The method may be 
20 improved further by treatment of the beads to increase hydrophobicity and thereby facilitate disruption of the 
endosome and release of the DNA into the cytoplasm. 

Liposomes that can act as gene delivery vehicles are described in US 5,422,120, W095/13796, W094/23697, 
W091/14445 and EP-524,968. As described in USSN. 60/023,867, on non-viral delivery, the nucleic acid 
sequences encoding a polypeptide can be inserted into conventional vectors that contain conventional control 
25 sequences for high level expression, and then be incubated with synthetic gene transfer molecules such as 
polymeric DNA-binding cations like polylysine, protamine, and albumin, linked to cell targeting ligands such as 
asialoorosomucoid, insulin, galactose, lactose, or transferrin. Other delivery systems include the use of 
liposomes to encapsulate DNA comprising the gene under the control of a variety of tissue-specific or 
ubiquitously-active promoters. Further non-viral delivery suitable for use includes mechanical delivery systems 
30 such as the approach described in Woffendin et al (1994) Proc. Natl. Acad. Sci. USA 91(24):1 1581-1 1585. 
Moreover, the coding sequence and the product of expression of such can be delivered through deposition of 
photopolymerized hydrogel materials. Other conventional methods for gene delivery that can be used for 
delivery of the coding sequence include, for example, use of hand-held gene transfer particle gun, as described in 
US 5,149,655; use of ionizing radiation for activating transferred gene, as described in US 5,206,152 and 
35 WO92/11033 

Exemplary liposome and polycationic gene delivery vehicles are those described in US 5,422,120 and 
4,762,915; in WO 95/13796; W094/23697; and W091/14445; in EP-0524968; and in Stryer, Biochemistry, 
pages 236-240 (1975) W.H. Freeman, San Francisco; Szoka (1980) Biochem Biophys Acta 600:1; Bayer (1979) 
Biochem Biophys Acta 550:464; Rivnay (1987) Meth Enzymol 149:119; Wang (1987) Proc Natl Acad Sci 
40 84:785 1 ; Plant (1 989) Anal Biochem 1 76:420. 
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A polynucleotide composition can comprises therapeutically effective amount of a gene therapy vehicle, as the 
term is defined above. For purposes of the present invention, an effective dose will be from about 0.01 mg/ kg to 
50 mg/kg or 0.05 mg/kg to about 10 mg/kg of the DNA constructs in the individual to which it is administered. 
Delivery Methods 

5 Once formulated, the polynucleotide compositions of the invention can be administered (1) directly to the 
subject; (2) delivered ex vivo, to cells derived from the subject; or (3) in vitro for recombinant protein 
expression. The subjects to be treated can be mammals or birds. Also, human subjects can be treated. 

Direct delivery of the compositions will generally be accomplished by injection, either subcutaneously, 
intraperitoneally, intravenously or intramuscularly or delivered to the interstitial space of a tissue. The 
1 0 compositions can also be administered into a lesion. Other modes of administration include oral and pulmonary 
administration, suppositories, and transdermal or transcutaneous applications (e.g. see WO98/20734), needles, 
and gene guns or hyposprays. Dosage treatment may be a single dose schedule or a multiple dose schedule. 

Methods for the ex vivo delivery and reimplantation of transformed cells into a subject are known in the art and 
described in e.g. W093/14778. Examples of cells useful in ex vivo applications include, for example, stem cells, 
1 5 particularly hematopoetic, lymph cells, macrophages, dendritic cells, or tumor cells. 

Generally, delivery of nucleic acids for both ex vivo and in vitro applications can be accomplished by the 
following procedures, for example, dextran-mediated transfection, calcium phosphate precipitation, polybrene 
mediated transfection, protoplast fusion, electroporation, encapsulation of the polynucleotide(s) in liposomes, 
and direct microinjection of me DNA into nuclei, all well known in the art. 
20 Polynucleo tide and polypeptide pharmaceutical compositions 

In addition to the pharmaceutically acceptable carriers and salts described above, the following additional agents 
can be used with polynucleotide and/or polypeptide compositions. 

A.Polvpeptides 

One example are polypeptides which include, without limitation: asioloorosomucoid (ASOR); transferrin; 
25 asialoglycoproteins; antibodies; antibody fragments; ferritin; interleukins; interferons, granulocyte, macrophage 
colony stimulating factor (GM-CSF), granulocyte colony stimulating factor (G-CSF), macrophage colony 
stimulating factor (M-CSF), stem cell factor and erythropoietin. Viral antigens, such as envelope proteins, can 
also be used. Also, proteins from other invasive organisms, such as the 17 amino acid peptide from the 
circumsporozoite protein of Plasmodium falciparum known as RII. 

30 B.Hormones. Vitamins, etc. 

Other groups that can be included are, for example: hormones, steroids, androgens, estrogens, thyroid hormone, 
or vitamins, folic acid. 

CPolvalkvlenes. Polysaccharides, etc 

Also, polyalkylene glycol can be included with the desired polynucleotides/polypeptides. In a preferred 
35 embodiment, the polyalkylene glycol is polyethlylene glycol. In addition, mono-, di-, or polysaccharides can be 
included. In a preferred embodiment of this aspect, the polysaccharide is dextran or DEAE-dextran. Also, 
chitosan and poly(lactide-co-glycolide) 
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D .Lipids, and Liposomes 

The desired polynucleotide/polypeptide can also be encapsulated in lipids or packaged in liposomes prior to 
delivery to the subject or to cells derived therefrom. 

Lipid encapsulation is generally accomplished using liposomes which are able to stably bind or entrap and retain 
5 nucleic acid. The ratio of condensed polynucleotide to lipid preparation can vary but will generally be around 
1 :1 (mg DNA:micromoles lipid), or more of lipid. For a review of the use of liposomes as carriers for delivery of 
nucleic acids, see, Hug and Sleight (1991) Biochim. Biophys. Acta. 1097:1-17; Straubinger (1983) Meth. 
Enzymol 101:512-527. 

Liposomal preparations for use in the present invention include cationic (positively charged), anionic (negatively 
10 charged) and neutral preparations. Cationic liposomes have been shown to mediate intracellular delivery of 
plasmid DNA (Feigner (1987) Proc. Natl Acad. Set USA 84:7413-7416); mRNA (Malone (1989) Proc. Natl 
Acad Sci. USA 86:6077-6081); and purified transcription factors (Debs (1990) J. Biol Chem. 
265:10189-10192), in functional form. 

Cationic liposomes are readily available. For example, N[l-2,3-dioleyloxy)propyl]-N,N,N-triethylammonium 
1 5 (DOTMA) liposomes are available under the trademark Lipofectin, from GIBCO BRL, Grand Island, NY. (See, 

also, Feigner supra). Other commercially available liposomes include transfectace (DDAB/DOPE) and 
DOTAP/DU PK (Boerhinger). Otfrerualiomu liposomes can be -prepared-fr- ona Hr-e a di ly a v ai lable - m aterials-using- 

techniques well known in the arL See, e.g. Szoka (1978) Proc. Natl Acad. Set USA 75:4194-4198; 

WO90/11092 for a description of the synthesis of DOTAP (l^-bis(oleoyloxy)-3-(trimethylammonio)propane) 
20 liposomes. 

Similarly, anionic and neutral liposomes are readily available, such as from Avanti Polar Lipids (Birmingham, 
AL), or can be easily prepared using readily available materials. Such materials include phosphatidyl choline, 
cholesterol, phosphatidyl ethanolamine, dioleoylphosphatidyl choline (DOPC), dioleoylphosphatidyl glycerol 
(DOPG), dioleoylphoshatidyl ethanolamine (DOPE), among others. These materials can also be mixed with the 
25 DOTMA and DOTAP starting materials in appropriate ratios. Methods for making liposomes using these 
materials are well known in the art. 

The liposomes can comprise multilammelar vesicles (MLVs), small unilamellar vesicles (SUVs), or large 
unilamellar vesicles (LUVs). The various liposome-nucleic acid complexes are prepared using methods known 
in the art. See e.g. Straubinger (1983) Meth Immunol 101:512-527; Szoka (1978) Proc. Natl Acad Sci. USA 
30 75:4194-4198; Papahadjopoulos (1975) Biochim. Biophys. Acta 394:483; Wilson (1979) Cell 17:77); Deamer & 
Bangham (1976) Biochim. Biophys. Acta 443:629; Ostro (1977) Biochem. Biophys. Res. Commun. 76:836; 
Fraley (1979) Proc. Natl Acad Sci. USA 76:3348); Enoch & Strittmatter (1979) Proc. Natl. Acad. Sci. USA 
76:145; Fraley (1980) J. Biol. Chem. (1980) 255:10431 ; Szoka & Papahadjopoulos (1978) Proc. Natl Acad. Sci. 
USA 75:145; and Schaefer-Ridder (1982) Science 215:166. 

35 E.Lipoproteins 

In addition, lipoproteins can be included with the polynucleotide/polypeptide to be delivered. Examples of 
lipoproteins to be utilized include: chylomicrons, HDL, IDL, LDL, and VLDL. Mutants, fragments, or fusions of 
these proteins can also be used. Also, modifications of naturally occurring lipoproteins can be used, such as 
acetylated LDL. These lipoproteins can target the delivery of polynucleotides to cells expressing lipoprotein 
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receptors. Preferably, if lipoproteins are including with the polynucleotide to be delivered, no other targeting 
ligand is included in the composition. 

Naturally occurring lipoproteins comprise a lipid and a protein portion. The protein portion are known as 
apoproteins. At the present, apoproteins A, B, C, D, and E have been isolated and identified. At least two of 
5 these contain several proteins, designated by Roman numerals, AI, AH, ATV; CI, CII, Cm. 

A lipoprotein can comprise more than one apoprotein. For example, naturally occurring chylomicrons comprises 
of A, B, C, & E, overtime these lipoproteins lose A and acquire C and E apoproteins. VLDL comprises A, B, C, 
& E apoproteins, LDL comprises apoprotein B; HDL comprises apoproteins A, C, & E. 
The amino acid of these apoproteins are known and are described in, for example, Breslow (1985) Annu Rev. 
10 Biochem 54:699; Law (1986) Adv. Exp Med. Biol. 151:162; Chen (1986) J Biol Chem 261:12918; Kane (1980) 
Proc Natl Acad Sci USA 77:2465; and Utermann (1984) Hum Genet 65:232. 

Lipoproteins contain a variety of lipids including, triglycerides, cholesterol (free and esters), and phospholipids. 
The composition of the lipids varies in naturally occurring lipoproteins. For example, chylomicrons comprise 
mainly triglycerides. A more detailed description of the lipid content of naturally occurring lipoproteins can be 
15 found, for example, in Meth. Enzymol 128 (1986). The composition of the lipids are chosen to aid in 
conformation of the apoprotein for receptor binding activity. The composition of lipids can also be chosen to 
facilitate hydrophobic interaction and association with the polynucleotide binding molecule. 

Naturally occurring lipoproteins can be isolated from serum by ultracentrifugation, for instance. Such methods 
are described in Meth. Enzymol. {supra); Pitas (1980) J. Biochem. 255:5454-5460 and Mahey (1979) J Clin. 
20 Invest 64:743-750. Lipoproteins can also be produced by in vitro or recombinant methods by expression of the 
apoprotein genes in a desired host cell. See, for example, Atkinson (1986) Annu Rev Biophys Chem 15:403 and 
Radding (1958) Biochim Biophys Acta 30: 443. Lipoproteins can also be purchased from commercial suppliers, 
such as Biomedical Technologies, Inc., Stoughton, Massachusetts, USA. Further description of lipoproteins can' 
be found in Zuckermann etal. PCT/US97/14465. 

25 F.Polvcationic Agents 

Polycationic agents can be included, with or without lipoprotein, in a composition with the desired 
polynucleotide/polypeptide to be delivered. 

Polycationic agents, typically, exhibit a net positive charge at physiological relevant pH and are capable of 
neutralizing the electrical charge of nucleic acids to facilitate delivery to a desired location. These agents have 
30 both in vitro, ex vivo, and in vivo applications. Polycationic agents can be used to deliver nucleic acids to a 
living subject either intramuscularly, subcutaneously, etc. 

The following are examples of useful polypeptides as polycationic agents: polylysine, polyarginine, 
polyornithine, and protamine. Other examples include histones, protamines, human serum albumin, DNA 
binding proteins, non-histone chromosomal proteins, coat proteins from DNA viruses, such as (X174, 
35 transcriptional factors also contain domains that bind DNA and therefore may be useful as nucleic aid 
condensing agents. Briefly, transcriptional factors such as C/CEBP, c-jun, c-fos, AP-1, AP-2, AP-3, CPF, Prot-1, 
Sp-1, Oct-1, Oct-2, CREP, and TFIID contain basic domains that bind DNA sequences. 
Organic polycationic agents include: spermine, spermidine, and purtrescine. 
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The dimensions and of the physical properties of a polycationic agent can be extrapolated from the list above, to 
construct other polypeptide polycationic agents or to produce synthetic polycationic agents. 

Synthetic polycationic agents which are useful include, for example, DEAE-dextran, polybrene. Lipofectin™, 
and lipofectAMNE™ are monomers that form polycationic complexes when combined with 
5 polynucleotides/polypeptides. 
Nucleic Acid Hybridisation 

"Hybridization" refers to the association of two nucleic acid sequences to one another by hydrogen bonding. 
Typically, one sequence will be fixed to a solid support and the other will be free in solution. Then, the two 
sequences will be placed in contact with one another under conditions that favor hydrogen bonding. Factors that 
10 affect this bonding include: the type and volume of solvent; reaction temperature; time of hybridization; 
agitation; agents to block the non-specific attachment of the liquid phase sequence to the solid support 
(Denhardt ! s reagent or BLOTTO); concentration of the sequences; use of compounds to increase the rate of 
association of sequences (dextran sulfate or polyethylene glycol); and the stringency of the washing conditions 
following hybridization. See Sambrook et al [supra] vol.2, chapt9, pp.9 .47 to 9.57. 

1 5 "Stringency refers to conditions in a hybridization reaction that favor association of very similar sequences over 
sequences that differ. For example, the combination of temperature and salt concentration should be chosen that 

is approximately 120 to 200 n 64dtew^fee-eakralgte d Tm of the hybri d-und er study The , temperature and salt 

conditions can often be determined empirically in preliminary experiments in which samples of genomic DNA 
immobilized on filters are hybridized to the sequence of interest and then washed under conditions of different 

20 stringencies. See Sambrook et al at page 9.50. 

Variables to consider when performing, for example, a Southern blot are (1) the complexity of the DNA being 
blotted and (2) the homology between the probe and the sequences being detected. The total amount of the 
fragment(s) to be studied can vary a magnitude of 10, from 0.1 to ljxg for a plasmid or phage digest to 10" 9 to 
10" 8 g for a single copy gene in a highly complex eukaryotic genome. For lower complexity polynucleotides, 

25 substantially shorter blotting, hybridization, and exposure times, a smaller amount of starting polynucleotides, 
and lower specific activity of probes can be used. For example, a single-copy yeast gene can be detected with an 
exposure time of only 1 hour starting with 1 |ig of yeast DNA, blotting for two hours, and hybridizing for 4-8 
hours with a probe of 10 s cpm/pg. For a single-copy mammalian gene a conservative approach would start with 
10 fig of DNA, blot overnight, and hybridize overnight in the presence of 10% dextran sulfate using a probe of 

30 greater than 1 0 8 cpm/ji g, resulting in an exposure time of -24 hours. 

Several factors can affect the melting temperature (Tm) of a DNA-DNA hybrid between the probe and the 
fragment of interest, and consequently, the appropriate conditions for hybridization and washing. In many cases 
the probe is not 100% homologous to the fragment. Other commonly encountered variables include the length 
and total G+C content of the hybridizing sequences and the ionic strength and formamide content of the 
35 hybridization buffer. The effects of all of these factors can be approximated by a single equation: 



where Ci is the salt concentration (monovalent ions) and n is the length of the hybrid in base pairs (slightly 
modified from Meinkoth & Wahl (1984) Anal Biochem. 138: 267-284). 



Tm= 81 + 16.6(log 10 Ci) + 0.4[%(G + C)]-0.6(%formamide) - 600/«-1.5(%mismatch). 



_ -35- 

In designing a hybridization experiment, some factors affecting nucleic acid hybridization can be conveniently 
altered. The temperature of the hybridization and washes and the salt concentration during the washes are the 
simplest to adjust. As the temperature of the hybridization increases (ie. stringency), it becomes less likely for 
hybridization to occur between strands that are nonhomologous, and as a result, background decreases. If the 
5 radiolabelled probe is not completely homologous with the immobilized fragment (as is frequently the case in 
gene family and interspecies hybridization experiments), the hybridization temperature must be reduced, and 
background will increase. The temperature of the washes affects the intensity of the hybridizing band and the 
degree of background in a similar manner. The stringency of the washes is also increased with decreasing salt 
concentrations. 

1 0 In general, convenient hybridization temperatures in the presence of 50% formamide are 42°C for a probe with 
is 95% to 1 00% homologous to the target fragment, 37°C for 90% to 95% homology, and 32°C for 85% to 90% 
homology. For lower homologies, formamide content should be lowered and temperature adjusted accordingly, 
using the equation above. If the homology between the probe and the target fragment are not known, the 
simplest approach is to start with both hybridization and wash conditions which are nonstringent. If non-specific 

15 bands or high background are observed after autoradiography, the filter can be washed at high stringency and 
reexposed. If the time required for exposure makes this approach impractical, several hybridization and/or 
washing stringencies should be tested in parallel. 
Nucleic Acid Probe Assays 

Methods such as PCR, branched DNA probe assays, or blotting techniques utilizing nucleic acid probes 
20 according to the invention can determine the presence of cDNA or mRNA. A probe is said to "hybridize" with a 
sequence of the invention if it can form a duplex or double stranded complex, which is stable enough to be 
detected. 

The nucleic acid probes will hybridize to the Neisserial nucleotide sequences of the invention (including both 
sense and antisense strands). Though many different nucleotide sequences will encode the amino acid sequence, 

25 the native Neisserial sequence is preferred because it is the actual sequence present in cells. mRNA represents a 
coding sequence and so a probe should be complementary to the coding sequence; single-stranded cDNA is 
complementary to mRNA, and so a cDNA probe should be complementary to the non-coding sequence. 
The probe sequence need not be identical to the Neisserial sequence (or its complement) — some variation in the 
sequence and length can lead to increased assay sensitivity if the nucleic acid probe can form a duplex with 

30 target nucleotides, which can be detected. Also, the nucleic acid probe can include additional nucleotides to 
stabilize the formed duplex. Additional Neisserial sequence may also be helpful as a label to detect the formed 
duplex. For example, a non-complementary nucleotide sequence may be attached to the 5' end of the probe, with 
the remainder of the probe sequence being complementary to a Neisserial sequence. Alternatively, 
non-complementary bases or longer sequences can be interspersed into the probe, provided that the probe 

35 sequence has sufficient complementarity with the a Neisserial sequence in order to hybridize therewith and 
thereby form a duplex which can be detected. 

The exact length and sequence of the probe will depend on the hybridization conditions, such as temperature, 
salt condition and the like. For example, for diagnostic applications, depending on the complexity of the analyte' 
sequence, the nucleic acid probe typically contains at least 10-20 nucleotides, preferably 15-25, and more 




preferably >30 nucleotides, although it may be shorter than this. Short primers generally require cooler 
temperatures to form sufficiently stable hybrid complexes with the template. 



Probes may be produced by synthetic procedures, such as the triester method of Matteucci et al [J. Am. Chem. 
Soc. (1981) 103:3185], or according to Urdea et al [Proc. Natl. Acad. Sci. USA (1983) 80: 7461], or using 
5 commercially available automated oligonucleotide synthesizers. 

The chemical nature of the probe can be selected according to preference. For certain applications, DNA or 
RNA are appropriate. For other applications, modifications may be incorporated e.g. backbone modifications, 
such as phosphorothioates or methylphosphonates, can be used to increase in vivo half-life, alter RNA affinity, 
increase nuclease resistance etc. [e.g. see Agrawal & Iyer (1995) Curr Opin Biotechnol 6:12-19; Agrawal (1996) 
10 TIBTECH 14:376-387]; analogues such as peptide nucleic acids may also be used [e.g. see Corey (1997) 
TIBTECH 15:224-229; Buchardt et al. (1993) TIBTECH 1 1 :384-386]. 

Alternatively, the polymerase chain reaction (PCR) is another well-known means for detecting small amounts of 
target nucleic acids. The assay is described in: Mullis et al. [Meth. Enzymol. (1987) 155: 335-350]; US patents 
4,683,195 & 4,683,202. Two 'primers' hybridize with the target nucleic acids and are used to prime the reaction. 

15 The primers can comprise sequence that does not hybridize to the sequence of the amplification target (or its 
complement) to aid with duplex stability or, for example, to incorporate a convenient restriction site. Typically, 

zuch-Rerpen cr. will flank the desired Neisserial sequence. . 

A thermostable polymerase creates copies of target nucleic acids from the primers using the original target 
nucleic acids as a template. After a threshold amount of target nucleic acids are generated by the polymerase, 
20 they can be detected by more traditional methods, such as Southern blots. When using the Southern blot method, 
the labelled probe will hybridize to the Neisserial sequence (or its complement). 

Also, mRNA or cDNA can be detected by traditional blotting techniques described in Sambrook et al [supra]. 
mRNA, or cDNA generated from mRNA using a polymerase enzyme, can be purified and separated using gel 
electrophoresis. The nucleic acids on the gel are then blotted onto a solid support, such as nitrocellulose. The 
25 solid support is exposed to a labelled probe and then washed to remove any unhybridized probe. Next, the 
duplexes containing the labelled probe are detected. Typically, the probe is labelled with a radioactive moiety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the overall strategy for 2D-PAGE. The individual gels are shown as Figures 2 to 4. 
Figure 5 shows the results of a protein query of the NCBI Entrez system using the term 'NMB1506'. 

30 MODES FOR CARRYING OUT THE INVENTION 

The overall strategy for identifying membrane proteins was to use two dimensional electrophoresis to 
separate the proteins in a N.meningitidis membrane preparation, followed by identification of 
proteins found in the electrophoretic gel. This experiment was not straightforward because, as is well 
known, preparing a membrane fraction which is not contaminated with cytoplasmic proteins is 
35 extremely difficult. 

Some of the proteins identified by electrophoresis were expected to be there, but many were not. 
Furthermore, several proteins which were annotated as "hypothetical" have now been shown to exist 
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/„ V n; 0 _ they are not artefacts. A further point to note is that proteins visible on a 2D gel must be 
expressed at least at a moderate level, thus making them useful targets for binding. 

Preparation of membrane fraction 

To prepare the membrane fraction, N.meningitidis strain MC58 was growth in liquid "base for the 
isolation of pathogenic Neisseria" (GC, Difco), supplemented with 4g/l glucose, 0.1 g/1 glutamine, 
and 2.2 mg/1 cocarboxylase, at 37°C in a humidified atmosphere containing 5% C0 2 . Bacteria were 
harvested at OD 600nin =0.5 by centrifugation at 10,000 g for 20 minutes. The pellet was resuspended 
with 10 ml Tris-base containing the EDTA-free protease inhibitor cocktail used according to the 
manufacturer (Roche Diagnostic Mannhein, Germany). The bacteria were inactivated 45 minutes at 
56°C, cooled in ice in presence of 1,000 U benzonase, and were disrupted with a French Press at 
18000 psi (4 passages). The lysate was centrifuged at 70,000 £ overnight at 5°C. The pellet was 
washed twice with 40mM Tris-base and resuspended in 10 ml of 5M urea, 2M thiourea, 2% (w/v) 
CHAPS, 2% (w/v) ASB 14, 0.5% (v/v) C.A., 2mM TBP and centrifuged at 1 00,000 g at 10°C for 3 
hours. Supernatant containing solubilised membrane proteins was aliquoted and stored at -80°C. 
This process is quick, easy to use, and results in a membrane preparation with little or no 
contamination from cytosolic proteins [e.g. refs. 100 to 103]. It was improved by using new 
techniques for the solubilisation of bacterial membrane proteins prior and during to isoelectric 
focusing, in order to optimise the separation of outer membrane proteins by two-dimensional 
electrophoresis (2DE). Thirourea was thus used with the urea as chaotropic agents [100], the 
zwitterionic detergent ASB-14 was used in association with CHAPS [104], and tributyl phosphine 
was added prior to 2DE [1 05]. 

2D electrophoresis 

200ug of the membrane proteins were brought to a final volume of 125 ul with reswelling solution 
(7M urea, 2M thiourea, 2% (w/v) CHAPS, 2% (w/v) ASB 14, 2% (v/v) adequate ampholine 
(Amersham Pharmacia Biotech (Piscataway, NJ), 2 mM thiobutyl phosphine). The proteins were 
absorbed overnight onto an Immobiline DryStrip (7 cm; pH-gradient 3-10 non linear, pH-gradient, 
4-7 or 6-1 1 linear) using the Immobiline Dry-Strip Reswelling Tray (Amersham Pharmacia Biotech 
(Piscataway, NJ). Proteins were then separated by 2D electrophoresis. The first dimension was run 
on an IPGphor Isoelectric Focusing Unit (Amersham Pharmacia Biotech, Piscataway, NJ), The 
proteins were separated applying sequentially 150 V for 35 min., 500 V for 35 min., 1000 V for 30 
min, 2600 V for 10 min., 3500 V for 15 min., 4200 V for 15 min., and then 5000 V to reach lOkVh. 
For the second dimension, the strips were equilibrated as described in ref. 105 and the proteins were 
separated on a linear 9-16% acrylamide SDS-PAGE (1 .5 mm thick, 6 cm high) using the Mini Proten 
II Cell from BioRad. The 2D gel was stained with colloidal Coomassie [106]. Gels were scanned 
with a Personal densitometer SI (Molecular Dynamics) at 12 bits and 50 urn per pixel. 




The initial 2D IPG gradient gel is shown in Figure 2. 325 protein spots were visualised by colloidal 
Coomassie blue. In order to increase the spot number, 200ng of the same protein fraction was 
separated on 2D gels with a pH gradients of 4-7 (Figure 3) and 6-11 (Figure 4). 498 and 187 spots 
were visualised by colloidal Coomassie blue in these gels, respectively. Each gel was performed and 
5 analysed in duplicate, with no major differences observed between duplicates. 

Spot excision 

A total of 1,867 protein spots were excised from the three gels, plus the duplicated gels, in-gel 
digested with trypsin, and the generated peptides were analysed by MALDI-TOF mass spectrometry. 
Proteins were identified by interpreting their peptide mass fingerprint using the software Mascot. 

10 The protocol used for in-gel digestion was a modification of reference 107. Protein spots were 
excised from the gel, washed sequentially with Milli-Q water and acetonitrile (1/1, v/v), and dried by 
a Speed Vac vacuum centrifuge apparatus (Savant, Holbrook, NY). The pieces of gel were 
re-hydrated by adding 7-10 nl of a solution of 50 mM ammonium bicarbonate, 5 mM CaCl 2 
containing 12 mg/1 trypsin sequencing grade (Roche Diagnostic Corporation, Indianapolis, IN). The 

1 5 trvptic digestion was allowed to run for 1 8 hours at 37°C. Following digestion, the peptides were 
extracted by sonication in a sonicator bath with 50 |nl 50% acetonitrile, 5% TFA for 30 min. The 
extraction was repeated, extract solutions were pooled together and the volume was reduced to 10 nl 
in a Speed Vac vacuum centrifuge apparatus. The samples were automatically prepared for mass 
spectrometry using the MAP II (Bruker, Bremen, Germany). The instrument was programmed to 

20 perform a desalting of the sample with ZIP-TIP (CI 8, Millipore). The peptides were eluted from the 
ZIP TIP with a solution of 5 g/1 of 2,5-dihydroxybenzoic acid in 50% acetonitrile/0,1% TFA and 
directly loaded onto the Anchorchip (400 jam, Bruker, Bremen, Germany), The samples were 
allowed to air dry at room temperature. 

Excised spot analysis 

25 MALDI-TOF spectra were acquired on a Bruker Biflex H MALDI-TOF (Bremen, Germany) 
equipped with the SCOUT 381 multiprobe ion source in a positive-ion reflector mode. The 
acceleration voltage was set to 19 kV and the reflector voltage was set to 20 kV. Typically about 100 
laser shots were average per spectrum from a 337 nm N2 laser. Spectra were externally calibrated 
using a combination of angiotensin II (1,046.54 Da), substance P (1,347.74 Da), Bombensin 

30 (1 ,619.82 Da) and ACTH18-39 (Clip human, 2,465.20 Da). Peptides were selected in the mass range 
of 700-3000 Da. Resulting values for monoisotopic peaks were used for search using the software 
Mascot run on a database containing the genome information of Kmeningitidis and C.pnewnoniae. 
All the searches were performed using a window of 500 ppm as constraint, allowing one missed 
cleavage, and considering propiamide cysteines as fixed modification, and oxidized methionine as 
35 variable modification. Signals generated from keratin digestion or trypsin autolysis were not 
considered for the search in the database. Proteins were successfully identified when the MOWSE 
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score was superior to 47. When proteins were identified with an inferior Mowse score, Post Source 
Decay (PSD) experiments were performed to confirm the identification. PSD spectra of the parent 
ions were built by pasting the spectra obtain with successive reflector voltage from 20 to 0.59 V. 

Within the Figure 2 gel, 261/325 spots were identified by peptide mass fingerprint When the same 
protein was identified in two or more samples from a train of spots clearly arising from isoforms of 
the same protein, the identification was extended to cover all spots in this row. When needed, the 
identification of the proteins were confirmed by PSD experiments, mainly for protein with a Mr 
inferior to 15 kDa. The remaining 64/325 spots contained too little protein material to give an 
unambiguous identification. The identified 261 spots were encoded by 138 separate genes, of which 
11 were confirmed by PSD experiments. An additional 18 proteins were identified from the 
duplicated gel. 

The Figure 3 gel allowed the identification of 194 unique proteins, of which 72 were not identified 
from the Figure 2 gel. Similarly, the Figure 4 gel allowed the identification of 87 unique proteins of 
which 26 were not identified from the Figure 2 gel. 

The identified proteins are listed in Table 1, with columns indicating which gel they were found in. 
In summary, among the 1,867 proteins spots processed, 1,433 proteins were identified. The identified 
spots represent 250 unique proteins. Only 8.8% of the proteins were identified from the pH 6-1 1 gels 
which confirms the difficulty of separating very basic proteins by 2DE. The identified proteins cover 
1 1 .58% of the predicted ORFs encoded by the genome [1], 

Within the 250 proteins, 45 acted as positive controls, as they had previously been identified as 
useful vaccine/diagnostic antigens in references 108 to 110. These 45 proteins are indicated with a 
*+' in Table 1. The remaining 215 proteins are listed as SEQ ID NO s 1 to 215. 

Within the remaining 205 proteins, 138 completely elude the PSORT subcellular localisation 
algorithm [111, 112]. These 138 are marked with a '*' in Table 1, and it is particularly surprising to 
find these proteins in the membrane. Of these 138, 76 elude various algorithmic predictions, and this 
subset is marked '**'. 



It will be understood that the invention is described above by way of example only and modifications 
may be made whilst remaining within the scope and spirit of the invention. 
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Gel (Fig.) 
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D (gi722xxxx): name / MW / pi 


2 


3 


4 r 


1 0 


010 5 


235: phosphoglycerate kinase / 41902 / 5.12 




X 






2 0 


018 5 


244: pilin PilE / 15 246 / 9.21 


X 




X 




3 0 


030 £ 


.249: methionyMRNA synthetase / 76 853 / 5.44 




X 






4 C 


I035 £ 


•255: conserved hypothetical protein / 40 218 / 4.74 


X 


X 






5 


1038 £ 


5258: UDP-N-acetylglucosamine pyrophosphorylase /49 013 / 6.48 


X 




X 




6 ( 


)045 £ 


5266: signal recognition particle protein / 45 142 / 4.85 




X 


ll 


k 


7 ( 


K)51 ! 


5271: twitching motility protein / 45 675 / 6.51 


X 




X \ 


tr 


8 ( 


3052 ! 


5272: twitching motility protein PilT / 38 050 /6.61 


X 




X 


Mr 


9 I 


3068 ! 


5288: polysialic acid capsule biosynthesis protein SiaC / 38821 / 5.35 




X 




* 


10 


3088 


5306. outer membrane protein P1 , putative / 45 902 / 9.35 


X 




X 


+ 


11 


0089 


5307: pyruvate kinase II / 52 435 / 5;27 


X 


X 




* 


12 


0109 


5324: conserved hypothetical protein / 43 188 / 6.77 


X 




X 


★ 


13 


0115 


5331: nitrogen assimilation regulatory protein NtrX / 46373 / 4.98 


X 






** I 




0124/0130- 


Mdl-fWR7- translation alnnoation factor TU / 42 909 - 42 925/ 5.07 


X 


X 


X 


** 


15 


0126 


5343: transcription antitermination protein NusG / 20 550 / 6.03 


X 


X 




** 


16 


0128 


5345: 50S ribosomal protein L1 / 24 102 / 9.59 


X 


X 


X 


* 


17 


0130 


5347: 50S ribosomal protein L10 / 17 594 / 7.91 


X 


X 


X 


** 


18 


0131 


5348 : 50S ribosomal protein L7/L12 / 12623 / 4.60 




X 






19 


0132 


5349: DNA-directed RNA polymerase, beta subunit/ 155 945 / 5.34 


X 


X 


X 




20 


0133 


5351 : DNA-directed RNA polymerase, beta' subunit / 1 54660 / 6.86 






X 


* 


21 


0137 


5355: 30S ribosomal protein S7 / 10646 / 10.33 






X 


* 


22 


0138 


5356: elongation factor G (EF-G) / 77 244 / 5.08 


X 


X 


X 


1** 


23 


0140 


5358: 30S ribosomal protein S10 / 11799 / 7.57 






X 


1** 


24 


0142 


5360: 50S ribosomal protein L3 / 22664 / 10.03 






X 


1 *~* 


25 


0143 


5361: 50S ribosomal protein L4 / 23248 / 9.92 






X 


1 ** 


26 


0144 


5362: 50S ribosomal protein L23 / 11268 / 9.85 






X 




27 


0154 


5372: 50S ribosomal protein L5 / 20 323/ 9.49 


X 


X 


X 


1** 


28 


0156 


5374: 30S ribosomal protein S8 / 14257 / 9.73 






X 


T* 


29 


0157 


5375: 50S ribosomal protein L6 / 1 8 892 / 9.63 




X 


X 


1* 


30 


0159 


5377: 30s ribosomal protein S5 / 18235 / 10.04 






X 


I* 


31 


0168 


5386: DNA-directed RNA polymerase, alpha subunit / 36 076 / 4.94 


X 


X 


X 


1** 


32 


0171 


5389: septum site-determining protein MinD / 29 559 / 5.70 


X 


X 




1** 


33 


0173 


5391 : transcriptional regulator, LysR family /34 071 /5.74 


X 


X 






34 


0181 


5400: outer membrane protein OmpH, putative / 19261 / 9.23 




X 




+ 


35 


0182 


5401 : outer membrane protein Omp85 / 86 254 / 8.37 


X 




X 


+ 


36 


0191 


541 1 . ParA family protein / 27 1 50 / 5.53 


X 






+ 


37 


0193 


5413: glucose inhibited division protein A / 69 808 / 6.57 


X 




X 


1* 


38 


0196 


5417: ribonuclease E / 102087 / 5.97 




X 


X 


1* 


|39 


0212 


5433: DNA gyrase subunit B / 88 188 / 5.46 


X 


X 




1* 




40 


0214 


5436: oligopeptidase A / 76 054 / 5.16 


X 


X 




+ 


41 


0219 


5441: 3-oxoacyKacyl-carrier-protein) synthase II / 43 221 / 5.36 




X 






42 


0246 


5468: NADH dehydrogenase I, F subunit / 48007 / 5.66 




X 




* 


43 


0278 


5503. thiohdisulfide interchange protein DsbA/ 23 228 / 5.16 /18 


X 


X 


X 


+ 


44 


0286 


5510: conserved hypothetical protein / 22120/5.04 




X 




* 


45 


0292 


5516: conserved hypothetical protein / 22080 / 5.37 




X 




+ 


46 


0294 


5518: thiol:disumde interchange protein DsbA / 23 566 / 5.09 lipo 


X 


X 


X 




47 


0329 


5549: type IV pilus assembly protein / 61 965 / 5.42 


X 


X 




* 


48 


0335 


5555: ^aAS-tetrahydropyridin^-carboxylate N-succinyllransferase / 29 410 / 5.42 


X 


X 




** 


49 


0336 


5556: enoyl-(acyl-caiTier-protein) reductase / 25 252 / 5.45 / 22 




X 






50 


0337 


5557: branched-chain amino acid aminotransferase, putative / 36421 / 5 80 




X 






51 


0345 


5566: cell-binding factor, putative / 31507 / 9.23 






X 


+ 


52 


0351 


5572: transaldolase / 37 578 / 5.09 




X 




** 


53 


0359 


5581: glutamate-ammonia ligase / 52137 / 5.20 


X 


X 


X 


* 


54 


0382 


5603: outer membrane protein class 4 / 23 969 / 6.26 


X 


X 


X 




55 


0387 


5608:ABC transporter, ATP-binding protein /62 073 / 5.23 




X 


X 


+ 


56 


0390 


5612: maltose phosphorylase / 85 490 / 5.36 


X 


X 




* 


57 


0391 


5613: beta-phosphoglucomutase / 23728 / 5.08 




X 






58 


0426 


5649: cell division protein FtsA / 44 061 / 5,33 


X 


X 






59 


0427 


5651: cell division protein FtsZ / 41 487 / 4.94 


X 








60 


0446 


5671: chorismate mutase/prephenate dehydratase / 39778 / 5.65 




X 






61 


0462 


5689: spermidine/putrescine ABC transporter, periplasms ... / 50 556 / 6 92 


X 


X 






62 


0466 


5693. aspartyl-tRNA synthetase / 68 125 / 5.28 


X 


X 


X 


** 


63 


0477 


5705: conserved hypothetical protein / 19758 / 5.19 




X 




** 


64 


0530 


5755: glycosyl hydrolase, family 3 / 39554 / 5.39 




X 




** 


65 


0537 


5762: conserved hypothetical protein / 31 150/4.77 




X 




+ 


66 


0540 


5765: aspartate aminotransferase / 43 929 / 6.52 


X 


X 


X 


** 


67 


0546 


5772: alcohol dehydrogenase, propanol-preferring /36 548 / 5.65 


X 


X 




* 


68 


0550 


5777: thiol:disulfide interchange protein DsbC / 26 451 / 6.93 


X 






+ 


69 


0554 


5780: dnaK protein / 68 792 / 4.85 


X 


X 


X 


+ 


70 


0564 


5791. Na(+)-translocating NADH-quinone reductase, subunit F/42 303/4 95 


X 


X 






71 


0569 


5796: Na(+)-translocating NADH-quinone reductase, subunit A /48 636 /6 20 


X 


X 


X 


+ 


72 


0589 


5819: 50s ribosomal protein L19 / 13760 / 10.45 






X 


** 


73 


0595 


5825: DNA-binding response regulator / 24 780 / 5.44 


X 


X 




** 


74 


0604 


5834: alcohol dehydrogenase, zinc-containing / 38394 / 5.47 




X 






75 


0610 


5840: spermidine/putrescine ABC transporter, ATP-binding protein / 47 425 / 6.03 


X 


X 




* 


76 


0617 


5847: transcription termination factor Rho / 47 306 / 6.23 


X 




X 


** 


77 


0618 


5848:phosphoenolpyruvate synthase / 87 170 / 5.01 


X 


X 


X 


** 


78 


0623 


oojh. apeimiuine/puirescine ado transporter, periplasms ... / 39 511 / 5 38 


X 


X 






79 


0626 


5856: peptide chain release factor 3 / 59 589 / 5.43 




X 




+ 


80 


0631 


5861 : phosphate acetyltransferase Pta, putative / 50306 / 4 83 


X 


X 






81 


0634 


5862: iron(lll) ABC transporter, periplasms binding protein / 35806 / 9.60 






X 




82 


0637 


5866: argininosuccinate lyase /51 245 / 5,22 


X 


X 




** 
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83 |0641 5870: inorganic pyrophosphatase / 19 812/4,71 



84 



0663 



5888: outer membrane protein NsgA/ 18386 / 9.64 



X 



85 



0667 



5893: hypothetical protein / 45 292 / 5,97 / 16 



86 



0697 



5925: dimethyladenosine transferase / 29269 / 7.1 1 



87 



0703 



5932 : competence lipoprotein ComL / 29 273 / 8.72 



88 



0711 



5938: conserved hypothetical protein / 33516 / 6.11 



89 



0720 



5946: threonyt-tRNA synthetase / 72 692 / 5,86 



90 



0724 



5951: phenylalanyl-tRNA synthetase, alpha chain / 37 334 / 5.46 



91 



0728 



5955: phenylalanyl-tRNA synthetase, beta chain / 86 050 / 5.19 



92 



0743 



5972: uMquinone/menaquinone biosynthesis methlytransterase UbiE / 27 366 / 7.14 



93 



0757 



5987: phosphoribosylaminoimidazole-succlnocarboxaitiide synthase / 32476 / 5.26 



94 0758 



5988: polyribonucleotide nucleotidyltransferase / 76 422 / 5.35 



95 0763 



5993: cysteine synthase / 32 821 /6.06 



X 



X 



96 



0768 



5999: twitching motility protein PilT / 41 508 / 7.64 



X + 



97 



0778 



6009: uroporphyrin-lll C-methyltransferase HemX, putative / 46 320 / 5,33 



98 



0787 



601 9: amino add ABC transporter, periplasmic amino acid-binding protein / 26 995 / 5.42 



99 



791 



6024 : peptidyl-prolyl cis-trans isomerase / 181853 / 5.05 



hOQ- 



SB9&- 



Rnai ■ rail division protein FtsH / 70 058 / 5.07 /20 



101 



0801 



6034: delta-aminolevulinic acid dehydratase / 36878 / 5.23 



102 



0804 



6038: NAD(P)H nitroreductase, putative / 24687 / 6.17 



103 



0814 



6048: histidyl-tRNA synthetase / 41 746/5,45 



104 



815 



6050: adenylosuccinate synthetase / 46 250 / 5,77 



105 



0828 



6063: ADP-L-glycero-D-mannoheptose-6-epimerase / 38 437 / 5,68 



106 



0853 



6089: conserved hypothetical protein / 23 1 36 Z5.67 



X X * 



107 



0854 



6090: histidyl-tRNA synthetase / 48 465 / 5.57 



X 



108 



0875 



6113: ribose-phosphate pyrophosphokinase / 35 598 /5.41 



109 



0876 



61 1 4: 50S ribosomal protein L25 / 20 956 / 6.60 



110 



0878 



61 1 6: threonine dehydratase / 55585 / 5.41 



111 



0884 



6122: superoxide dismutase / 21 893 / 5.78 



112 



0885 



6124: replicative DNA helicase / 52 089/ 5,04 



113 



0889 



6127: hypothetical protein/ 21 970/ 6.40 



X 



114 



0894 



6131: aminotransferase, class I / 44 013 / 5.79 



115 



0920 



6158 : isocitrate dehydrogenase / 80163/ 5.57 



X 



116 



0928 



6166: hypothetical protein /43 815 / 9.01 



117 



0944 



6182. 5-methyltetrahydropterDyltiiglutamate-hoinocysteine methyltransferase / 85 078 / 5.27 



118 



0946 



6184: peroxiredoxin 2 family protein/glutaredoxin / 26 91 2 / 4.80 



119 



0947 



6186 : lipoamide dehydrogenase, putative / 44527/ 5.66 



X 



120 



0950 



6189: succinate dehydrogenase, flavoprotein subunit / 66 787 / 5,84 



X 



121 



0955 



6194: 2-oxoglutarate dehydrogenase. E1 component / 105 082 / 6.24 



X 



122 



0956 



6195: 2-oxogtutarate dehydrogenase, E2, dihydrolipoamide suodnyltransferase / 41491 / 5.14 



123 



0959 



6199: succinyl-CoA synthetase, beta subunit / 41666 / 5.06 



124 



0960 



6200: succinyl-CoA synthetase, alpha subunit /30 548 / 6.00 



125 



0983 



6223 : phosphoribosyiaminoimidazolecartioxamide formyllransferase .../ 56 803 / 5.90 



0 
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126 


0997 


6237: D-lactate dehydrogenase / 64001 / 6.32 






x 




127 


1031 


6270 . 3-isopropylmalate dehydrogenase / 391 72 / 4.91 




x 




** 


128 


1044 


6284: ferredoxin-NADP reductase / 29 314 / 5.72 


X 


x 




* 


129 


1046 


6286: threonine synthase / 51 870 / 5.31 




x 




* 


130 


1053 


6294: class 5 outer membrane protein / 28 009 / 9.68 / 20 


X 


x 


x 




131 


1057 


6297: gamma-glutamyltranspeptidase /65 071 / 5.99 


X 


x 




+ 


132 


1070 


6309: 2-isopropylmalate synthase / 55 397 / 5.68 




x 




** 


133 


1073 


631 3: conserved hypothetical protein / 42 032 / 4.60 




x 




** 


134 


1127 


6364: oxidoreductase, short chain dehydrogenase/reductase family / 25 91 7 / 5 99 


X 


x 




** 


135 


1131 


6368: chaperone protein HscA / 66166 / 5.18 




x 




** 


136 


1150 


6387: dihydroxy-acid dehydratase / 64 503 / 5,89 


X 


x 




* 


137 


1164/1126 


6400-6362: hypothetical protein / 22 025 / 8.03 (duplicated gene) 


x 




x 

A 


■f. 


138 


1199 


6435: GTP binding protein / 67 260 / 5.04 


x 


x 






139 


1201 


6438: IMP dehydrogenase / 53 383 / 6.72 


x 






* 


140 


1206 


6443: bacterioferritin B / 18075 / 4.60 




x 




** 


141 


1228 


6467: homosenne dehydrogenase / 44 737 / 5.254 / 20 


x 


x 






142 


1231 


6470: ATP-dependent protease La / 90590 / 6.18 




x 


Y 
A 


* 


143 


1238 


6478: peptidyl-prolyl cis-trans isomerase-related protein / 53213 / 5 68 


X 


Y 
A 




T 


144 


1240 


6480: ABC transporter, ATP-binding protein / 60 779 / 5.09 


X 


x 

a 




** 


145 


1252 


6492: phosphonbosylformylglycinamidine cyclo-ligase / 36 974 / 4 71 


x 






** 


146 


1285 


6525: enolase/ 46 134/4,78 


x 


Y 

/\ 






147 


1301 


6541: 30S ribosomal protein / 61 177 / 4.9 


x 


Y 

/\ 


Y 

A 


* 


148 


1302 


6542: integration host factor, beta subunit / 1 1796 / 9 98 






Y 
A 


** 


149 


1313 


6554: trigger factor / 48 325 / 4.72 


x 


x 




** 


150 


1320 


6562: 50S ribosomal protein L9 / 15 747 / 6.62 


x 


x 


Y 
A 




151 


1323 


6565: 30S ribosomal protein S6 / 13 949 / 6.37 


x 


x 


Y 
A 


Mr 


152 


1324 


6566: thioredoxin reductase / 33961 / 5.16 




x 






153 


1328 


6571: conserved hypothetical protein / 27021 / 6 41 






Y 
A 


* 


154 


1339 


6583:prolyl-tRNA synthetase / 62 992 / 5.09 


x 


x 


Y 
A 


** 


155 


1341 


6585:pyruvate dehydrogenase, E1 component / 99 562 / 5 5 


Y 

/\ 


Y 
S\ 


Y 
A 


** 


156 


1342 


6586 . pyruvate dehydrogenase, E2, dihydrolipoamide acetyltransferase / 55 223 / 5 29 


x 


x 




* 


157 


1343 


6587: hypothetical protein / 16 339 / 4.99 


x 






** 


158 


1344 


6588. pyruvate dehydrogenase, E3 component, lipoamide dehydrogenase / 62358 / 5 07 




x 






159 


1345 


6590: hypothetical protein /57 143/5.13 




x 




■J. 


160 


1347 


6591 : extragenic suppressor protein SuhB / 28 469 / 5,82 


x 


x 




* 


161 


1356 


6601 : GIu-tRNA(Gln)amidotransferase, subunit A / 51 280 / 5 44 


x 






* 


162 


1358 


6603: Glu-tRNA(Gln) amidotransferase, subunit B / 51 912 / 5 05 


x 


x 




** 


163 


1372 


661 8.ATP-dependentClp protease, ATP-binding subunit CIpX/ 45 100/5 18 




X 




* 


164 


1379 


7413462: nifS protein / 44832 / 5.62 




X 




** 


165 


1390 


6628: glucokinase / 34 951 / 8.59 


X 




X 




166 


1392 


6630. glucose-6-phosphate 1-dehydrogenase / 54124 / 5.30 


X 


X 


X 


** 


167 


1425 ! 


6664: lysyMRNA synthetase, heat inducible / 5731 2 / 5.34 


X 


X 




** 


168 


1429 


6669: outer membrane protein PorA / 40 129 / 8.73 j 


X 


X 


X 
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169 


1445 


6888* rpr A nrnfoin / ^7 R1 0 / R 4 ft I 




X 






170 


145? 


uoc7o. ouiibtsi vt?u nypouieucai proiein / 4U oyo / o.oo 


X 






* 


171 


1457 


66Q8* tran<;Wptnla<3o / 71 RRQ / R vIR 


X 


X 


X 


* 


172 


1471 

ITI 1 


u# 1 1. uypiupiidnyi-irMNM SyninetaSB / 0/ 010/ o.o5 


X 


X 




* 


173 


1472 


8713* HnR nrntpin / OR iQR i R Ai 

or 10. wjjd protein / yo iyo / 0.4 1 




X 




** 


174 


1483 


0/ ^0. iipupiuitiin iNipu, puiauve / 4/yy i / y.oo 






X 


+ 


175 


1506 


674Q* arninvi-tRM A cunfhatoco / ro chq fcoyi 
u/ta. ajyiiiyi-ir\i\M byninetase / oz ovo / o.^4 




X 






176 


1518 


6769' arotata trtnaca / AO A*.(\ IK. 7C 

oiot. duciaic Kinase / •ft'fiU/o./o 


X 


X 






177 


1533 


0 / f 0. n.o outer memDrane protein /lb bob / 4.61 /17 


X 


X 






178 




o/o i. preproiein iransiocase secA subunit / 103 295 / 5.05 


X 


X 




* 


179 


1580 


oouf. giuiaminyhiKiNA syntnetase / 64 650 / 57.74 


X 


X 




** 


180 


1567 


oo io. macropnage iniectivity potentiator / 26 875 / 5.50 


X 


X 




+ 


181 


157? 


oo iy. aconiiate nyoratase i. f 92 716 7 5.42 


X 


X 






18? 


1574 


oo/z. Keioi-aciu reouctoisomerase / 36 439 / 5.65 


X 


X 




** 


J oo 


lOl f 


6825: acetolactate synthase III, large subunit / 62 813 / 5.88 


X 


X 






1 A4 
1 OH 


IOO I 


oo^y. nisudmol denydrogenase / 46324 / 5.07 


X 


X 






185 




6831: imidazoleglycerol-phosphate dehydratase / 34002 / 8.61 






X 


** 


IOO 


1 OOH 


Qo75t5^i^yflrQvya^4^Abydm / ftp ojfl / ^ ^ 




X 




+ 


1R7 


1RQ4 


6843: spermidine/putrescine ABC transporter, periplasms .../ 40 234 / 5.52 


X 


X 




+ 




1RQR 


bo4o.aianyl-tRNA synthetase / 96 038/ 5.54 


X 




X 


** 




I DU*f 


6853: phosphoglycerate mutase / 25 959 / 5.59 


X 


X 




** 




1R19 


6862 : amino acid ABC transporter, periplasmic amino acid-binding protein / 27 68 / 4.87 


X 


X 




+ 


1Q1 


\ 0 1 o 


oDoo. Tumarate nyaratase, class 1 / 54 951 / 5,12 


X 


X 




+ 


1Q? 


1R91 
l u£ 1 


oo/ ^. giutatnione peroxidase / 20129 / 5.18 




X 




** 


1 5JO 


1R?R 
IO00 


g» r44jjbb opacity protein, authentic frameshift V 27180 / 9.52 






X 




1Qzt 


1fi4H 


boyu. pnospnosenne aminotransferase / 41651 / 5.20 




X 




* 


1Q5 

1 %JO 


1 0*t*£ 


ooyz. in UDiization substance protein A / 55 752 / 4.54 


X 


X 




** 


1Q8 


I QUO 


6907: adenine specific methylase, putative / 33 956 / 4,36 


X 






* 


1Q7 


lOOf 


oyoo. seryi-iKNA syntnetase / 47 883 / 5.60 


X 






** 


1Q8 


18Q1 


oy^o. ainyaropteroate synthase / 30 313 / 5.30 




X 








1710 

If IU 


byob. giutamate dehydrogenase, NADP-specific / 48 490 / 5.98 


X 


X 




#* 




1714 

I I l*T 


oyoy. muiuarug emux pump channel protein / 48 482 / 8.38 / lipo 


X 




X 


+ 


901 


1718 


oy n . memorane fusion protein / 40 209 / 8.60 


X 




X 




tSJL. 


17QR 


ruou. conserved nypotnetical protein/ 20 931 / 5.73 


X 


X 






?0^ 


1fiOQ 


— : putative; pilN protein,authentic frameshift / 22 258 / 9.00 


X 










1810 


/uoo. piiu protein / iy 870 / 4.74 




X 






?05 


1811 
loll 


7f\(\A m rtllD nrnfnm / 004 00 / A f\A 

/ ud4. piir protein / ^uizo / 4.94 




X 






206 


1812 


— .putative, pilQ protein, authentic frameshift / 83 151 / 10 75 / 25 


A 


v 

A> 


v 
A 




207 


1835 


7090: tyrosyt-tRNA synthetase / 47437 / 5.76 




X 




* 


208 


1838 


7093: GTP-binding protein, putative / 39 376 / 4,80 


X 


X 




** 


209 


1839 


7094: formate-tetrahydrofolate ligase / 59063 / 5.85 


X 


X 




+ 


210 


1843 


7099: transcriptional regulator, MarR family / 16 583 / 5.15 




X 




** 


211 


1849 


7105: carbamoyl-phosphate synthase, small subunit / 40 587 / 5.54 


X 


X 








212 


1854 


7110: hypothetical protein / 25 131 / 8.95 


X 




X 


** 


213 


1855 


7111: carbamoyl-phosphate synthase, large subunit/ 117 377 / 5.10 


X 


X 






214 


1856 


7112: transcriptional regulator, LysR family / 33367 / 5.55 




X 




+ 


215 


1859 


71 16: S-adenosylmelhionine:tRNA ribosyltransferase^somerase / 38216 / 6.20 




X 




* 


216 


1861 


7118: acetyl-CoA carboxylase, biotin carboxylase / 49 599 / 5,88 


X 


X 


X 




217 


1862 


7119: ribosomal protein L1 1 methyltransferase / 32144 / 4.36 




X 






218 


1864 


7121:glutamate-1-semialdehyde 2,1-aminomutase / 45 315 / 5.33 




X 




* 


219 


1869 


71 27: f ructose-bisphosphate aldolase / 38 337 / 5.48 


X 


X 


x 


+ 


220 


1870 


7128: hypothetical protein / 26 964 / 7.23 


X 




x 


+ 


221 


1903 


71 60: chromosomal replication initiator protein DnaA / 58 029 / 5.93 ! 




X 




** 


222 


1920 


7178: GMP synthase / 57686 / 5.53 


X 


x 






223 


1921 


7179: 3-oxoacyl-(acyl-camer-protein) reductase / 26 068 / 5.95 


X 


x 


x 


* 


224 


1930 


7187: glycyl-tRNA synthetase, beta chain / 74 574 / 5,86 


X 


x 






225 


1934 


7192: ATP synthase F1, beta subunit / 50 391 / 5.01 


X 


x 


x 




226 


1936 


7194: ATP synthase F1, alpha subunit / 55 291 / 5.43 


X 


x 


x 


* 


22/ 


1937 


7195: ATP synthase F1, delta subunit / 19 526 / 5.02 




x 




** 


228 


1938 


7196: ATP synthase F0, B subunit / 17128 / 5.64 




x 






229 


1946 


7205: outer membrane lipoprotein / 29 258 / 5.01 


X 


x 


x 


+ 


230 


1953 


7212: stringent starvation protein A / 23 165 / 6.23 


X 


x 


x 


** 


231 


1966 


7226 :ABC transporter, ATP-binding protein / 29 286 / 5.58 




x 




* 


232 


1968 


7228: aldehyde dehydrogenase A / 52257 / 5.20 


X 


x 






233 


1972 


7233: chaperonin, 60 kDa / 57 423 / 4.9 


X 


x 


x 


+ 


234 


1982 


7243: DNA polymerase I /1 03 184 / 5.21 




x 




* 


235 


1996 


7259: phosphoribosylformylglycinamidine synthase / 143 854 / 5.31 


X 


x 




* 


236 


2000 


7264: conserved hypothetical protein / 33468 / 4.77 




x 




** 


237 


2039 


7300 : major outer membrane protein PIB / 33 786 / 6.54 


X 


x 


x 




238 


2057 


7319: 50S ribosomal protein L13 / 16212 / 9.72 






x 


** 


239 


2079 


7341: aspartate-semialdehyde dehydrogenase / 39 858 / 5.40 




x 




* 


240 


2086 


7348: GTP-binding protein / 41 930 / 5.52 




x 




* 


241 


2091 


7353: hemolysin, putative / 21 804 / 9.81 






x 


+ 


242 


2096 


7359: ma!ate:quinone oxidoreductase / 53 9687 / 5.51 


x 


x 




+ 


243 


2101 


7364: 30S ribosomal protein S2 / 26 899 / 9.04 


x 








244 


2102 


7365. elongation factor TS (EF-TS) / 30 330 / 5.30 


x 


x 




** 


245 


2103 


7366: uridylate kinase / 25896 / 6.17 






x 


* 


246 


2129 


7385: argininosuccinate synthase / 49 664 / 5.18 


X 


X 




* 


247 


2138 


7395: peptide chain release factor 2 / 41 487 / 5.18 


X 






** 


248 


2154 


7412: electron transfer flavoprotein, alpha subunit / 32 579 / 4.99 




X 






249 


2155 


7413. electron transfer flavoprotein, beta subunit / 26 948 / 6.08 


X 


X 


X 


** 


250 


2159 


7417: glyceraldehyde 3-phosphate dehydrogenase / 35 845 / 5.40 


X 


X 




* 








156 


194 


87 
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SEQUENCE LISTING 



SEQED 



NMB 



Sequence 



10 



bglFLKLTEQNVQGKTVLIRADMNVPFKDGKISDDTRIRASLASIKYCVDNGASVIVMTHLGRPTEGEFHPRnDVAP 

EAVAQAAPVACAGVLMGELDAI^KAIKQPARPMVMVAGSKVSTKLTILESLADKVDQU 
AIGKS^HDLVEESKKIMAKMmGGSVPLPTDVVV^ 



18 



MU^TOlElMVHIVGIIiMVALPAYflDMiii^ 



30 



38 



45 



IVNEYVDANKPWELAKQEGQDERLHEVCSELINAFTIttTAYLAPVLPQTMNAAKFlN 

nfnp^TO ^ RVE ^ K ^ VDDLI EANKQSIAAAAAPAAEEGKYEKVAEQAS FDDF^CTD^\^K^NCEAVEGST^iKF 
™^IFSGIAASYPNPAE^^ 



KIGA 



TIIANYDGVHKHKT 



^kYEELET\njITSDMGMEATEYLMKDVRDRVSLKGLKDGNELRGALKEALYD^ 



10 



SEEF==5ekssessh5 



52 



68 



MQpDLI^GAKNKASDLHLSSGISPMIRVHGDMRRINLPE MSAEEVGKMVTSVMMDHQRKIYQ 



109 



vsiyemrcalneedeiklkeyveskgmifistpfsraaalrlqrmjipaykigsgecnnyplSS 

LSTGMNSIESIKKSVEIIREAGVPYALLHCTNIYPTPYEDVRLGG^DL^ 

LSGDNLWVKRPGNGDFSVNEYETLFGKVAACNIRKGAQIKKTDIE RriRUtAi ASVVADKDIKKGEL 

^SRDLTRISHNTKIVATLGPGSN^LLEDMIRVGGL NVVRFNFSHGTPEFHQEWALIVREAAKRAGOETaTT 

iS— 



S G 3J F e^ RGCWFQPN ^^^ 
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11 



115 



12 



124 



13 



126 



14 



128 



15 



130 



16 



131 



17 



132 



18 



133 



DRFNMMPHEPSRPVQAKIVSVFEGTRIAGQFQ^ 

STPAEEV6LAMVYRTSEHLSSAIILENISDISVGDTAANPGRDLDNIPDQGRSRVKF6FNRSE 



MRSSDILIVDDEIGIRDLLSEILQDEGYSVALAENAEEARKL^ 

MPWMMSGHAS I DTAVEATKIGAI DFLEKPI SLQKLLSAVENALKYGMQTETGPVFDKLGNSAAIQEMNREVG2\A 
VKCAS P VLLTGEAGS PFETVARYFHKNGTPWVS PARVE YLI DMPMELLQKAEGGVLYVGDI AQYSRNI QAGIAFI V 
GKAEHRRVRVVASGSRAAGSDGIACEEKLAELLSESWRIPPLRMQHEDIP^ 

LAALTRYDWPGNFDQLQSWATLLLEADGQE I GAGAVSSLLGQNVPAEGAEDMVGGFNFNLPLRELREEVERRYFE 
YHIAQEGQNMSQVAQKVGLERTHLYRKLKQLGIGVSRRAGEKTEE 



MAKEKFERSKPHVNVGTIGHVDHGKTTLTA^ 

YAHVDCPGHADYVKNMITGMQMDGAILVCSAM^ 

EIRDLLSSYDFPGDIXIPIVQGSALKALEGDMYEEKIFELAAALD^ 

TGRVERGIIHVGDEIEIVGLKETQmCTGVEMFRKL^ 

FKAEWVLSKEEGGRHTPFFMYRPQFYFRTTDVTGAVTLEEGVEMVMPGENW 

GRTVGAGWSSVIA 



MSKKWYWQAYSGFEKNVQRILEERIAREEMGDYFGQILVPVEKWDIRN^ 

HLVKSTPRVSGFIGGRMRPTPISQREAEIILQQVQTGIEKPKPKVEFEVGQQVRWEGPFADFNGWEEVN^ 
KLRVS VQI FGRETPVELEFSQVEKIN 



MAKVSKRLKALRSSVEMKLYMDEAIALVKKMTMFDESTO 
VFTQGANAEAAKEAGADIVGFEDLAAEIKAGNLNFDWIASPDAM^ 

VKNAKAGQVQYRTDKAGI VHAT IGRAS FAEADLKENFDALLDAI VKZVKPAAAKGQYLKKVAVS STMGLGIRVDTS S 
VNN 



MSLN IETKKVAVEEI SAAIANAQTLWAE YRGI SVSSMTELRANARKEGVYLRVLKNTLARRAVQGTS FAELADQM 
VGPLVYMSEDAVAAAKVLHQFAKKDDKIWKAGS YNGEVMNAAQVAELAS I PSREELLSKLLFVMQAPVSGFARG 
LAALAEKKAGEEAA 



MAITKE DILEAVGSLTVMELNDLVKAFEEKFGVSAAAYAVAGPAGAGAADAEEKTE FDWLAS AGDQKVGVI KWR 
AITGLGLKEAKDIVDGAPKTIKEGVSKAEAEDIQKQIiEEAGAKVEIK 



MCMNY S FTEKKRI RKS FAKREN V L 111 V P FLL M ' U 1 D S ¥ AKi'LULttN AF UKRT UUGLUAAl; W S JL 1? P 1 V S H NSYARfcEF - 
VHYTLGEPLFDIPECQLRGITYAAPLRARIRLVILDKEASKPTVKEVRENEVYMGEIPLMTPSGSFVINGTERVIV 
SQLHRSPGVFFEHDKGKTHSSGKLLFSARIIPYRGSWLDFEFDPKDLLYFRIDRRRKMPVTILLmGYNNEQILD 
IFYDKETmSSNGVQTDLVADRLKGETAKVDIM 

AADLIDSETGEVLASANDEITEELLAKFDINGVKEITTLYINELDQGAYISNTLRTDETAGRQAARVAIYRMMRPG 

EPPTEEAVEQLFNRLFFSEDSYDLSRVGRMKFNTRTYEQKLSEAQQNSWYGRLLNETFAGAADKGGYVLSVEDIVA 

SIATLVELRNGHGEVDDIDHLGMRVRSVGELTENQFRSGLARVERAVKERLNQAESENLMPHDLIN 

EFFGSSQLSQFMDQTNPLSEVTHKRRVSALGPGGLTRERAGFEVRDVHPTHYGRVCPIETPEGPNIGLINSLSVYA 

RTNDYGFLETPYRRVIDGKVTEEIDYLSAIEEGRYVIAQANADLDSDGNLIGDLVTCREKGETIMATPDRVQYMDV 

ATGQWSVAASLIPFLEHDDMRALMGANMQRQAVPCLRPEKPMVGTGIERSVAVDSATAIVARRGGVVEYVDANR 

WIRVHDDEATAGEVGVDIYNLVKFTRSNQSTNINQ^ 

NGYNYEDSILISEKVAADDRYTSIHIEELNVVARDTKLGAEDITRDIPNLSERMQNRLDESGIVYIGAEVEAGDVL 

VGKVTPKGETQLTPEEKLLRAIFGEK^DVKDTSLRMPTGMSGTVIDVQVFTREGIQRDKRAQSIIDSELKRYRLD 

LNDQLRIFDNDAFDRIERMIVGQKMGGPMKLMGSEITTEYLAGL^ 

REEADELYEIKKKKLTQGDELQPGVQKMVTCV^ 

LNPLGVPSRMNIGQILEVHLGWAAKGIGERIDR^ 

RKGAS FAS PVFDGAKES E I REMLNLAY PS DDPEVEKLGFNDSKTQI TL YDGRSGEAFDRKVTVG\OTYLKLHH^ 
EKMHARSTGPYSLVTQQPLGGKAQFGGQRFGEMEWALEAYGAAYTLQEMLTVKSDDVNGRTKMYENIVKGEHK^ 
AGMPES FNVLVKE I RSLGLDI DLERY 



MNLLNLFNPLQTAGMEEEFDAIKIGIASPETIRSWSYGEVKKPETINYRTFKPERDGLFCAKIFGPVKDYECLCGK 

YKRLKFKGVTCEKCGVEVTLSKVRRERMGHIE 

MTPLQRRQLLTEDDYYNKLDEYGDDFDAKMGAEGI^ 

FHRSGMKLEWMIMDVLPVLPPDLRPLVPLDGGRFATSDI^ 

VDSLLDNGRRGKAMTGMKRPLKSIADMI^ 

PFIFHKLEKQGLASTVKAAKKLVEQEVPEVWDILEEVIREH^ 

AAFNADFDGJXJMAVHVPLSLEAQMEARTLMI^^ 

KEVHRAYHTKQVELGTKITVRLREWKNEAGEFEPVVNRYETTVGRALLSEILPKGLPFEYVNKALK^ 

AS FRLCGLRDTVI FADHIiMYTGFGFAAKGGI S IAVDDMEI PKEKAALLAEANAEVKE I E DQ YRQGLVTNGERYNKV 

VDIWGRAGDKIAKAMMDNLSKQKVIDRAGNEVDQESFNSI 

ITSNFREGLTVLQYFIATHGARKGLADTALKTMSGYL^ 

LRDRILGRVTASDWDPSSGETLVEAGTH^ 

AGEAVGVIAAQSIGEPGTQLTMRTFHIGGAASRAAAASQVEAKSNGTARFSSQ^ 
DDIGRERERHKVPYGAILLVQDGMAIKAGQTLATWD^ 

IDGKRRSSSASKLLRPTVKLLDENGVEICIPGTSTPVSMAFPVGAVITVREGQEIGKGDVL^ 

GLPRVAELFEARVPKDAGMLAEITGTVSFG1&TKGKQRLIW 

AVDPHDILRLQGIELALARYIVQEVQEVYRIiQGTOISDKHIEVIIRQMLRRVNIAD 



# 

EKA1EEGKE PAR YENVLLGI TKA! 
HRSRHQQWQEVEQETAETQVTDE 







EKALEEGKE PARYENVLLGI TKASLSTDS FI SAASFQETTRVLTEAAIMGKQDEIRGLKENVIVGRLI PAGTGLT Y 
HRSRHQQWQEVEQETAETQVTDE 


19 


137 


MPRRREVPKRDVLPDPKFGSVELTKFMVIMDGKKSVAERIVYGAI^QIEKKTGK^ 

SRRVGGANYQVPVEVRPSRRLALAfffiWVRDAARKRGEKSMDLRLAGELIDASEGRGGALKKREEVHRMA 
HFRF 


20 


138 


MARKTPISLYRNIGISAHIDAGKTTTTEiaLFYTGLTHKLGEVHTIGAATTDYMEQEQERGITITSMWSYWSGI^" 
KQFPEHRFNIIDTPGHVDFTVEVERSMRVLDGAVMVYCAVGGVQPQSETWRQANKYQVPRIAFVNKMDRQGANFF 
RWEQMKTRLRANP VPIVI PVGAEDNFSGWDLLKMKS I rWNEVDKGTTFTYGDI PAELVETAEEWRQNMI EAAAE 

ASEELMDKY1GGDELTEEEIVGALRQRTLAGEIQPMLCGSAFKNKGVQRMLDAVVELLPAPTDIPPVQGVNPNTEE 

ADSRQASDEEKFSALAFKMLNDKTfVGQLTFIRVYSGVVKSGDTVLNSVKGTRERIGRLVQMTAADRTEIEEVRA 

IAAMGLKDVTTGETLCAESAPIILERMEFPEPVIHIAVEPKTICADQEKMGIALNRLAKEDPSFRVRTDEESGQTI 

ISGMGELHLEIIVDRMKREFGVEANIGAPQVAYRETIRKAVKAEYKHAKQSGGKGQYGHVVIEMEPM^ 

IDEIKGGVIPREFIPSVDKGIRDTLPNGIVAGYPVVDVRIRLVFGSYHDVDSSQLAFEIiAASQAFKEGMRQASPAL 

LEPIMAVEVETPEEYMGDVMGDLNRRRGVVLGITODDGIGGKKVRAEVPLAEMFGYSTDLRSATQGMTYSMEFKKY 
SEAPAHIAAAVTEARKG 


21 


140 


MMQKIRIRLKAYDYALIDRSAQEIVETAKRTGAVVKGPIPLPTKIERFNILRSPHVNKTSREQLEIRTHLRLMDI 
VDWTDKTTDALMKLDLPAGVDVEIKVQ 


22 


142 


MTLGLVGRKVGMTRVFDEQGVSVPVTVLIMSMRVTQVKSKDTDGYTAVQVTFGQKKJUIRVNKAEAGHFAKAGVEA 
GRGLIEFALTEEKLAELKTiGDEITVSMFEVGQLVDVTGTSKGKGFSGTIKRHNFGAQRTSHGNSRSHRVPGSIGMA 
QDPGRVFPGKRMAGQYGNTKATVQKLEWRVDAERQLLLVKGAVPGAVNSDVWRPSVKVGA 


23 


143 


MELKVIDAKGQVSGSLSVSDALFAREYNEALVHQLVNAYLANARSGNPAQKTRAEVKHSTKKPWRQKGTGRARSGM 
TS S PLWRKGGRAFPNKPDENFTQKVNRKMYRAGMATI LSQLTRDERLFAI EALTAET PKTKVFAEQVKNLGLEQVL 
FVTKQLDENVYLASRNLPNVLVLEAQQVDPYSLLRYKKVIITKDAVAQLEEQWV 


24 


144 


MQQRLTQVII^IVSEKSNVIAEKP^QMTFKVl^ATKPEIKMVELLFGVQVADVTTVTIKGKV^ 
SDVKKAYVSLAAGQELDLEAAAAAADKE 


25 


154 


MARLREFYKETVVPELVKQFGYKSVMEVPRIEKITLNMGVGEAVADKKVMEHAVSDM 

FKIRDNYPVGCKVTLRRDQMFEFLDRLITIALPRVRDFRGVSGKSFDGRGNYNMGVREQIIFPEIEYDKIDALRGL 
NITITTTAKTDEEAKALLSLFKFPFKG 


26 


156 


MSMHDPISDMLTRIRNAQRANKAAVAMPSSKLKCAIAKVLKEEGYIEDFAVSSDVKSILEIQLKYYAGRPVIEQIK 
RVSRPGLR1YKASSEIPSVMNGLGIAIVSTSKGVMTDRKARSQGVGGELLCIVA 


27 


157 


MSRVAKT^PVTVPAGVEVKFGAmvIKGKNGELSFPMSDVAIEFNDGmFVA^SSKQMAMSGTARALVSNMV 

KGVSEGFEKRXQLIGVGYRAQAQGKH.NLSLGFSHPIVYEMPEGVSVQTPSQTEIVLTGSDKQWGQVAAEIRAFR 
APEPYKGKGVRYVGEVWMKEAKKK 


28 


159 


MAKHEIEERGK5LIEKMVAVNRVTKVVKGGRIMAFSALTWGDGDGRIGMGKGKSKEVPVAVQKAM 

PLKNGTIHHEVIGRHGATKVFMQPAKEGSGVKAGGPMRLVFDAMGIHNISAKVHGSTNPYNIVRATLDGLSKLHTP 
ADIAAKRGLTVEDILGVNHG 


29 


168 


MQNSTTEFLKPRQIDVNTFSATRAKVSMQPFERGFGHTLGNALRRILLSSMNGFAPTEVAIAGVLHEYSTVDGIQE' 

DVVDILLNIKGIVFKLHGRSQVQLVLKKSGSGWSAGDIELPHDVEILNPGHVICHLADNGQIEMEIKVEQGRGYQ 

SVSGRQWRDENRQIGAIQLDASFSPISRVSFEVEPARVEQRTDLDKLVLDIETDGSIDPEEAVRSAARILIDQMS 

IFADLQGTPVEEVEEKAPPIDPVLLRPVDDLELTVRSANCLKAEDIYYIGDLIQRTETELLKTPNLGRKSLNEIKE 
VLASKGLTLGSKLEAWPPVGLEKP 


30 


171 


MAKIIWTSGKGGVGKTTTSASIATGIALRGYKTAVIDFDVGLRNLDLIMGCERRVVYDLINVIQGEATLNQALIK 
DraCENLFILPASQTRDKDALTREGVEKVMQELSGKKMGFEYIICDSPAGIEQGALMALYFADEAIVTTNPEVSSV 

RDSDRILGILQSKSHKAEQGGSVKEHLLITRYSPERVAKGEMLSVQDICDILHIPLLGVIPESQNVLQASNSGEPV 
IHQDSVAASEAYKDVIARLLGENREMRFLEAEKKS FFKRLFGG 


31 


173 


OTLTELRYI^VAQERHFGRAARRCFVSQPTLSlMmEEELAVSLFDRSSNDIITTEAGERIVAQARKVLEEAE 
IiIRHLANEEQNELEGAFKLGLI FTVAPYLLPKLIVSLRRTAPKMPLMLEEN YTHTLTESLKRGDVDAI I VAEPFQE 
PGIVTEPLYDEPFFVIVPKGHSFEELDAVSPRtlLGEEQVLLLTEGNQlRIJQVLSSCSELAAKQRIQGLTNTLQGSS 
INTIRHMVASGLAISVLPATALTENDHMLFSIIPFEGTPPSRRVVLAYRRNFVRPKALSAMKAAIMQSQLHGVSFI 


32 


193 

■ 

3 
i 


(fPHMIYPKTYDVIWGGGHAGTEAALAAARMGAQTLLLSHNIETLGQMSCNPSIGGIGKGHLVRELDALGGAMAIiA 
TDKSGIQFRRLNASKGAAVRATRAQADRILYKAAIREMLENQENLDLFQQAVEDVTLDGERISGVITAMGVEFKAR 
AWLTAGTFLSGKIHIGLENYEGGRAGDPAAKSLGGRIjRELKLPQGRLKTGTPPRIDGRTIDFSQLTEQPGDTPVP 
VMSVRGNADMHPRQVSCWITHTNTQTHDIIRSGFDRSPMFTGKIEGVGPRYCPSIEDKINRFADKDSHQIFLEPEG 
LTTHEYYPNGISTSLPFDIQIALVRSMKGIiENAHILRPGYAIEYDYFDPRNLKASLETKTIAGLFFAGQINGTTGY 

2EAAAOGLItAGANRVnYT7RCnnPT T t ddit/ibvt mir Trnm Tmt/ntmnnwn»™/,n»«..«. 

"■"^uu^J^a^HvuivKbyurLLLRKEQflYLGVLVDDLI^ 

KIGLVSEAQWRMFNEKREAVEREIQRLKTTWYTPQKLAEGEQIRVFGQKLSREANLHDLLRRPNLDYAALMTLEGA 

4PSENLSAEVIEQVEIQVKYQGYIDRQNEEIDSRRDIETLKLPDGIDYGKVKGLSAEVQQKLNQHKPETVGQASRI 
3GVTPAAVALLMVHLKRGFKDAK 


33 


196 « 

1 


1KRMLFNATQAEELRVAIVDGQNLLDLDIETLGKEQRKGNIYKGIITRIEPSLEACFVDYGTDRHGFLPFKEVSRS 
fFQDYEGGRARIQDVLKEGMEVIVQVEKDERGNKGAALTTFISLAGRYLVLMPNNPRGGGVSRRIEGEERQELKAA 



4/20 



MAELDIPNGMSIIARTAGIGRSMELEWDM 
VDNQEVYDQVAEFMSYVMPGNIGRLKLYEDHTP^ 

RATRGADIEDTAFKTNl^IEAAEEVTVRQMRLRDLGGLVVI DFI DMENPKHQRDVENVLRDALRKDRARVQMGKLSRFG 

LLELSRQRLKPALGESSHVACPRCAGTGVIRGIESTAL 

FAIffiERLDVNVVLIPNIHLENPHYEINRIRTO^ 

TSPAPTMPEKKTSWDSFKAWLKRIFGGSETQAAPAAE^ 

AGKTAGQEARADKAETRNNGNRRRNERGDRAAERMEAEIQSRNVQPAATVADAAPSETEVQ 
QTAPETATVAETTVQTAENTPSEPHTAEDKGS 

QYLNI HDTADKVRSAAAHVFGETDANAPITVS IADPVAERDLPTAS PAVSNGDAPVYDAAEKI RRATAAILPEGAT 
PKAEAQEMPSETATFTAAAEQARETAQTGGLVLIETDPAALKAWMQPEVQAGRGLRRSEQPKPSEVATVPAEEMI 
QVETRQG 



34 



212 



MTEQKHEEYGADSIQVLEGLEAVRKRPGMYIGDTQIXSSGIJfflMVFEVLDNMD 
DNGRGMPTGIHPKEGRSAAEVIMTVLHAGGKFDMSYKISGGLH^ 

ETEEPLKIVGDSDKKGTTVRFLASTETFGNVEYSFDILAKRIRELSFLMGVDIELTDERDGKHESFA 

VQYMNRKKTPLHEKIFYAFGEKDGMSVECAMQWNDSYQESVQCFTNNIPQRDGGTRLTALRQVMTRT 

VAKKAKVETAGDDMREGLTCVLSVKLPDPKFSSQTKDKLVSGEIGPVVNEVISQALTDFLEENPNEAKIITGKIVD 

AARAREAARKAREITRRKGVMDGLGLPGKLADCQEKDPALSELYLVEGDSAGGSMQGRDRKFQAILPLKGKILW 

EKARFEKMLASQEVATLITALGAGIGKEEFNAEKLRYHRI I IMTDADVDGAHIRTLLLTFFYRQMPELVERGYI YI 

AQPPLYKAKYGKQERYLKDELEKDQWLLGLALEKAKIISDGR 

AMLHASPIDLTSSENADKAVAELSGLLDEKEVALERIEGHEGHRFIKITRKLHGNVMVSYIEPKFLNSKAYQTLTQ 
TAAALKGMVGEGAKLYKGENGYDADSFETALDIIJyiS^ 

DAI AADEVFVTLMGDEVEPRRAFIENNALI AQNI DA 



35 



219 



MSQRRWITGLGQVSPVGNTVAEAWDTLLTGKSGIGAITRFDTSDINSRVAGEVRGFDIGQYISAKEARRMDVFIH 
YGIAAALQAIADSGLDDVENLDKDRIGVNIGSGIGGLPGIEVTGKAVIEGGARKINPFFIPGSLINLISGHVTILK 
GYRGPSYGMVSACTTGAHMGDSLRMIKYGDADIMVAGGAEGAISTLGVGGFAAMKALST 
DGFVIGEGAGILVLEELEHAKKRGAKIYAEIVGFGMSSDAYHITAPNEEGPALAVTRALKDAGINPEDVDYVNAHG 



YCANEARDAE I DVAI SNS FGFGGTNGTLVFKRFKG 



36 



246 



MAIYQSGVIFDQVDTANPDCWTLDEYVKRGGYTALRKILSENISQTDVIDEVKTSGLRGRGGAGFPTGLKWSFMPR 
SFPGEKYWCNTDEGEPGTFKDRDIIMFNPHALIEGMIIAGYAMGAKAGYNYIHGEIFEGYQRFEAALEQARAAGF 
LGKNILGSDFEFELFAHHGYGAYICGEETALLESLEGKKGQPRFKPPFPASFGLYGKPTTINNTETFSSVPFIIRD 
GGQAFADKGI PNAGGTKLFCI SGHVERPGN YEVPLGTPFMVLKMAGGMRGGKKLKAVI PGGS S APVLPADI^3MQT 
NMDYDSISKAGSMLGSGAI IVMDEDVCMVK^^ 

LDSVGNQMAGRTICALADAAVFPVRSFTKHFRDEFVHYIEHGGPMKEHKWGGW 



37 



286 



MNFTRLLNQVLS TVQKKGNTFS DSPLN S FGGGALVAGVASMLLNGKNRKTI TKI GSTAALGYLAYRGYQMWQQNKG 
RATVTQSDFQPAGETEETYSRTVLRTMIAAAASDGMIDEAERRTIEQESGTDPETMWLAAEYRLPASIEDIAAAV 
GNDEALAAEAYLAARLVCADLSRKETVFLARLSQALKLDDNLVESLERQLGF 



38 



294 



MKLKTLALTSLTLLALAACSKQAETSVPADSAQSSSSAP 
PHCAHLEPVLSEHIKTFKDDTYMRREHVWGDEMKPLA^ 
WLSEQTAFDGKKVLAAFEAPESQARAAQMEELTl^ 

KPQ 



39 



329 



MSVGLLRILVQNQWTVEQAEHYYNESQAGKEVLPMLFSDGVI S PKSLAALIARVFS YSILDLRHYPRHRVLMGVL 

TEEQMVEFHCVPVFRRGD^FFAVSDPTQMPQIQKTVSMGIEVELVIVEDDQLAGLLDW 

EEEESHTLYIDNEEAEDGPVPRFIHKTLSDALRSGASDIHFEFYFIHNARIRFRVDGQLREWQPPIAVRGQIASR^ 

KVMSRLDISEKRIPQDGMQLTFQKGGKPVDFRVSTLPTLFGEKVVMRILNSDAASI^IDQLGF 

HRPYGMVLVTGPTGSGKTVSLYTCLNILNTESVNIATAEDPAEINLPGINQVNVNDKQGLTFAAALKSFLRQDPDI 

IMVGEIRDLETADIAIKAAQTGHfcWFSTLHTNN 

RPSASALKEVGFTDEDLAKDWKLYRAVGCDRCRGQGYKGRAGVYEVMPI SEEM QRVIMNNGTEVDI LDVAYKEGMV 
DLRRAGILKVMQGITSLEEVTANTND 



40 



335 



MSLQNIIETAFENRADITPTTVTPEVKEAVLETIRQLDSGa^ 

DGVNTOFDKVPTKFADWSEDEFKK&GFRAVPGAV^ 

GKNVHLSGGVGIGGVLEPLQAAPTIIEDNCFIGARSEIVEGVI^ 

AGSWVSGSMPSKDGSHSLYCAVIVKRVDAQTRAKTSVNELLRGI • 



41 



336 



MGFLQGKKILITGMISERSIAYGIAKACREQGAELAFTYV 
DLGKMDGLDGLVRSIGFAPKEALSGDFLDSISREAFNT^ 

AIPNYNVMGMAKASLEAGIRFTAACLGKEGIRCNGISAGPIKTLAASGIADFGKLLGflV 
TAAFLLSDLSSGITGEITYVDGGYSINALSTEG 



42 



337 



MSRPVPAVFGSVFHSQMPVLAYREGKWQPTEWQSSQDLSLAPGAHALHYGSECFEGLKAFRQADGKIVLF 
ARMRQSADILHLPRPETEAYLDALIKLVKRAADEIPDAPAALYLRPTLIGTDPVIGKAG^ 
YFKVGSPVKILVETEHIRCAPHMGRVKCGGNYASAMHWVLKAKAEYGANQVLFCPNGDV 
TKPLTDEFLHGVTRDSVLTVAKDLGYTVSERNFW 
RGYAIRKAITDIQYGLAEDKYGWLVEVC 



r 
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359 
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382 



46 



390 
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391 
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446 
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462 
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466 



-53_ 



MTILSDVKM,GQQIWLDNLSRSLVQSGEIA^^ 

TMVADVRMCDVCLAEHESTGGKTGFVSLEVSPELSKDAQGTVEEARRLyAAI GCKNAMIKVPATDAGI DALETL 
VSDGISWLTIAFSRAQTLKAYMYARGIAKR^ 

AYQDWAQYFGS PEFAALE!H(GANRVQLLWASTGVKNPAYPD^ DHGTAKATLT 
EGVEEAQAQLAETAALGIDVETLATRLQEDGLKQFEEAFEKLLAPLA 



MSIKNAVKLIEESEARFVDLRFTDTKGKQHH 
TAFVDPFYDDATVVLTCDVIDPADGQGYD^ 

YEITSESGAWASGLHMDGQNTGHRPTVKGGYAPVAPIDCGQDLRSAl^ILEELGIE 

FATLVKRADQTQDMKYVI QNVAMFGKTATFMPKPIMGDNGSGMHVHQS IWKDGQNLFAGDG YAGLS DTALYYI GG 
IIKHAKALNMTNPSTNSYKRLVPHFEAPTKLAYSAKNRSASIRIPSVNSSKARRIEARFP^ 
AGLDGIQNKIHPGDPADKNLYDLPPEEDALVPW^^ 
IRMAPHPLEFEMYYSL 



MTKQLKLSALFVALLASGTAVAGEASVQGYTVSG^ 
EPAPAPVVVVEQAPQYVDETISLSAKTLFGFDKDSLRAEAQDNL 

LSERRAYWANNLVSNGVPVSRISAVGLGESQAQMTQVCEAEVAKLGAKVSKMCKREALIAC 
VTRQWPAHNHHQH 



MYTRIMEISPWTLRSAKLEKEHKRLQESLTSLGNGYMGMRGSFEETYSADSHLGTYIAGWFPDKTRVGWWKNGY 
KY FGKAI NAFN FS KVKI FVDGQEVDLAKN DVAGFS VELDMQHG VLRRS FTVFG VRFNVCKFLSVAQKELAVI RWEA 
VSVDGKTRQVRIDSIIDADVKNEDSNTC^ 

GSQTDWQVSNSFESEVGSTPETFEKRVIVTTSRDYQSLEAVKMGRALSEKIAGVAFETLLDMKAOTLHRWEIAD 

VVIEGSDEAQQGIRFNLFQLFSTYYGEDARLNIGPKGFTGEKYGGATYWDTEA 

NQLPQAQHNAREQGLAGALYPiOTFTGIECHNEWEITFEEIHRNGAIPYAIYNYTOYTGDEGYLA^ 

RFWADRVHFSKRNGKYMIHGVTGPNEYENNINNNWYTNTLAAmDYTREALAKYPRPD 

MYRPHDEELGVFVQHDGFLDKDIRPVSALSPDDLPLNQKWSWDKILRSPFIKQADVLQGIYFFSDRFNIDEKR 

DFYEPMTVHESSLSPCIHSILAAELGKEEKAVEMYQRTARLDL^ 

GGKLSFAPFLPSAWTGYAFHINYRGRLIKVAVGKENVVFTLLKGESLDLQVYGKDITLDGSHTVALEK 



MTFTAVLFDLDGVITiyrAEYHYRAWKKLAEELGI SI DRKFNEQLKGVSRDDSLKRILAH 
NDNYVEMIQAVKPEDVYPGILPLLEALRANGKKIALASASKNGPFLLERMGLTHFFDAIADPAAVAHSKPAPDIFL 
AAAEGVDADIRQCIGIEDAAAGVAAIKAAGALPIGVGKREDLGSDIALVSGTAELTYAYLQSVWEQSGR 



MEQQQRYISVLDIGTSKVLALIGEVQDDDKINIVGLGQAPSRGLRAGMVTNIDATVQMRQAVNDAELMADTKITH 

VTTGIAGNHIRSLNSQGVVKIKDGEVTQADIDRAIETAKAINIPPDQKILDAWQDYIIDTQLGVREPIGMSGVRL 
OTRVHIITGASTAVQWQKCIERCGLKSDQIMLQ^ 

VIPAGGNLITKDLSKSLRTPLDAMYIKIHYGVASCDTEGLGEMIEVPGVGDRTSRQVSSKVLAAIISARIQEIFG 
VVLGELQKSGFPKEVLNAGIVLTGGVSMMTGIVEFAEKIFDLPVRTGAPQEMGGLSDRVRTPRFSTMGLLHAACK 
LBGNLPQPENGAVQEREGGGGLLARLKRWIENSF 



MEFVYDVAESAVS PAVI KVIGLGGGGCNAINNMVANNVRGVEFI SANTDAQS LAKNHAAKRIQLGTNLTRGLGAGA 
NPDI GRAAAQE DREAI EEAI RGANMLFI TTGMGGGTGTGSAP WAE IAKSLGI LTVAWTRPFAYEGKRVHVAQAG 
LEQLKEHVDSLII I PNDKLMTALGEDVTl^EAFRAADNVLRDAVAGISEVVTCPSEIINLDFADVKTVMSNRGIAM 
MGSGYAQGIDRARMTDQAISSPLLDDVTLDGMGVLWITTAPGCLKMSELSEVMKIVNQSAHPD 
ETMSEDAIRITI I ATGLKEKGAVDFVPAREVEAVAPSKQEQSHNVEGMIRTNRGI RTMNLTAADFDNQSVLDDFEI 
PAILRRQHNSDK 



MSQTIDELLLPHRNAIDTIDAEILRLLNERAQHAHAIGELKGTGAVYRPERWAVLRRIQDLNKGPLPDESVARLF 

REVMSECLAVERPLTIAYLGPQGTFTQQAAIKHFGHAAHTMACPTIDDCFKQVETRQADYLVAPVENSTEGSVGRT 
LDLIAOTALQACGEIVLRIHHNLLRKNNGST 

DDGTVMIAGRTAAEIYGLDIWAECIEDEPMTTRFLVMGHHETGASGSDKTSIAVSAPNRAGAVASLLQPLTES^ 
I SMTKFESRP S KS VLWE YL FFI DIEGHRRDAQI QTALERLGERAS FVKVI GS YPT AVL 



MQAFSLYPPVGHPDSAKKRQNRADVFLPFWKQDNFLGKSVQYRFEFAQIYFTMPKPCAGVTMGRGDFFFSNLFHQE 
SARMKKSVLAVLAALSLMCGGSEKNAVQPQADAASAMAEAAATDTLNIYNWSNYVDESTVE 

LYENNETLEAKMLTGKSGYDLWPGIAFLPRQIEAGAYQKVNKDLIPNYKNIDPELLKMLETADPGNQYAVPYFSG 
VNTIAITMGKELLGGKLPENGWDLLFKPEYTHKLKSC^ 

KSIRPDVKRFSPSIIDELARGDICIAAGNGGDLNLAKARSEEVMNVGIEVLTPKGMGFWIESW^ 

HKYINYTLDPEIAAKNGIAVTFAPASKPAREKMPAELVNTRSIFPNEQDMKDGFVMPQMSTD 
GTN 



MRTNYCGLI SEQYLDQTVTVKGWVHRRRDHGGVI FI DLRDREGI VQWI DPDTPEAFAAADS SRNEYVLSITGRVR 
NRPEGTTNDKMI SGKIEILAKE IEVLNAAATPPFQI DDENI SENVRLTNRVI DLRRPVMQRNLRLRYQVAMGVRRY 
LDAQGFIDIETPl^TRSTPEGARDYLVPSRVHPGEFFALPQSPQLFKQIiMVAGFDRYYQITKCFRDEDLRADRQP 
EFTQIDLETSFLNEDEIMDITEGM^QVFKDALNVDLGDFPRMPYSEAMFYYGSDKPDl^INLKFTELTDLMKTEE 
FKVFRGMDMKGGRWALRVPNGAEFSRKEIDEYTKFVGIYGAKGIAYIKVNDVSNLSNGEDSGLQSPIVKYLSEN 
ALKE 1 1 ARTGAQNGDI I FFGADKAK\A^EAIGALRIKVGLEHGKDNGYFTDEWKPLWVVDFPMFEYDEEADRYVAV 
HHPFTAPKEGHEDLMVSDPMCLARAYDMVLNGWEIGGGSIRIH 

GAPPHGGLAFGLDRLVTLMTGAESIRDVIAFPKTQRAQCLLTNAPNSVDDKQLRELSLRLRQKATETKEV 



^^NKI IFTGPVGVGKTTAIAAI SDEALVQTDASASDMTLDRKRNTTVAMDYGAI SLDEDTKVHLYGTPGQERFNF 
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530 
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589 
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64 



623 



M^ILSQGSMGLVLLLDNARTNPLKDLEFFL^ 
IDARKEDDVKQLVSAMLFSIDPGLEV 



MTVPHIPRGPVMADIAAFRLTEEEKQRLLDPAVGGIILFRRNFQNIEQLOT 

mEGFTRLPiWSTLGEIWDKDGASAAETMGQ 

VARLAIJtfjQKGLTKGGMKSCGKHFPGHGFV^ 

VDTKPAGFSEIWLKQILRRDIGFKGVIFS DDLTMEGACGAGGI KERARI SFEAGCDIVLVCNRPDLVDELREDFRI 
PDN PTIAQRWQYMANTLGSAAAQAVMQTADFQMQAFVAGLAS PQDTAGGVKVGEAF 



MFFKHIEAAPADPILGLGEAFKAETRPEKTOLGIGVYK 
AQTQILLFGKDHEIIASRRAKTAQSLGGTGALRIAAEFAKRQL^^ 

AAKHGLDWDGMIEDLSQAQKGDIVLLHGCCHNPTGIDPTPEQWETLAKLSAEKGWLPLFDFAYQGFGNGLEEDAYG 
LRVFLKHNTELLIASSYSKNFGMYNERVGAFTLVAEM^ 

KAQWIAELDEMRGRIKAMRQKFVGLLKAKGASQNFDFIIKQNGMFSFSGL^ 
ITDNNIDYLCESIVKVL 



MKMQAVVWKWAGDVEVIEREVRPLEYGEALV^ 

NLKVGDRVS IAWLFQSCGSCEYCNTGRETLCRSVLNAGYTADGGMATHCIVSADYAVKVPEGLDPAQAS SITCAGV 
TTYKAIKVSGVRPGQWIAIYGAGGLGNLGVQYAKKVFGAHWAIDIN^ 

KTGGAHAAVVTAVSAAAFNSAVNCVRAGGRWAIGLPPESMDLSIPRLVLDGIEVVGSLVGTRKDLEEAFQFGAEG 
LWPKVQLRALDEAPAI FQEMREGKITGRMVIDMKKECGCGHHH 



MEIILGIVMmiVLVLALMILFAKSKLVSEGDITIKVNGEKELTMPAGGKLLG 

RVWKSGGGDILPTELSHI SKREAREGCRLSCQVNVKTDMDIEVPEE VFGVKKWECTVI SNDNKATFIKELKLAI P 
EGEEVPFRAGGYIQIEAPPHTVAYKDFDIPKEYHEDWDKYNLWQWSKTOEPILRAYSMASYPEEKGIIMLNVRIA 
TPPPRVPDAPPGQMSSYIWSLKPGDKVTISGPFGEFFAKDTDAEMVFIGGGAGMAPMRSHIFDQLKRLNSKRKITF 
WYGARSKREMFYVEDFDQLAAEFPNFTWHVALSDPLPEDNWDGYTGFIHNWYENHLKNHEAPEDCEFYMCGPPIM 
NQSVIKMLKDLGVEDENILLDDFGG 



MLIQQLEQEEIARLNKEIPEFAPGDTVWSVRVVEGTRSRLQAYEGVVIARRNRGLNSNFIVRKISSGEGVERTF 
QLYSPTVEKIEVKRRGDVRRAKLYYLRGLTGKAARIKEKLPARKG 



MSRVLLVDDDALLTELLTEYLSAEGLN^ 

MLTAKGDDIDRI IGLEMGADDYVPKPCTPRELLARINMLRRAQHSGEQNNAPNSI SVSDVVLYPAKRQASVKDMP 
LELTS TEFNLLEVLMRHAGQWSKETLSVEALDRKLAKFDRS I DVH I S S I RHKLGDASLIQTVRGLGYL FVKN 



MKAARFYDKGDIRIEDIPEPTVAPGTVGINVAWCGICGTDLHEFMEGPIFIPPCGHPHPISGESAPVTMGHEFSGV 

VYAVGEGVDDIKVGQHVVVEPYIIRDDVPTGEGSNYHLSKDMNFIGLGGCGGGLSEKIAVKRRWVHPISDKIPLDQ 

AALIEPLSVGHHAYVRSGAKEGDVALVGGAGPIGLLI^ 

DWAEVKKLTNGEGVDVAEECTSVNKVLDTLVE^ 

ETIKLVEEGKINLEPFITQRIiCLDEIiVSKGFERLIHNNESAVKIIVSPNL 



MLPVRFTRVS DGIKRLTPASNQTAFYHPFEN PFCRY S S FYWS I AIMTATTAS SAKP YLKI QGLVKKFGDNYAVDNI 
DLDIYQHEIFALLGSSGSGKSTLLRMLAGJffiSPNQGKIIL^ 

GLKQDKMPKGEIAARVEEMLRLVQMTKFMRKPHQLSGGQQQRIALARSLAKRPKILLLDEPLGALDK^ 
ELVNTLEQVGVTCIMVTHDQEEAMT^ 

YAVIECEGLENHVRIDHGLGGPSEQDLWVSIRPEDIDLYKEKPEYLGDYNWAKGTVKEIAYLGSFAIYHIKLGNGR 
WKSQVPAPYWYVRNITPPTWDETVYISWPENQPTPLFR 



MHVSELQTLHISKLLELAEEHGIENMRFRKQDLWMVRQMMKKGEGFTCSGTLEILPDGFGFLRSADTSYLAGP 
DDIYVSPTQIRRFNLHTGDTIEGSWVPKDNERYFALVRLDTINGDHPEVCRHKTLFENLTPLFPTEQLKLERDLK 
SEENLTGRAIDLISPIGKGQRAIiVAPPKSGKTVMLQNIAHAVTMYPEVELIVLLIDERPE 
SSTFDEPAQRHVQVAEMVLEKAKRIWEHKKDWIL^ 

RNVEEGGSLTIIATALVETGSRMDDVIYEEFKGTGNMLHLDRRMAEKRLFPAININKSGTRREELLVPNDQLQRM 
WLLRKFLHPMDEIEAAEFLIGKIKASKNNDDFFELMRGK 



MADNYVIWFENLRMTDVERVGGKNASLGEMI SQLTEKGVRVPGGFATTAEAYRAFLAHNGLSERI SAALAKLDVED 

VAELARVGKEI RQWILDTPFPEQLDAE I EAAWNKMVADAGGADI SVAVRS SATAEDLPDASFAGQQETFLNI NGLD 

NVKEAMHHVFASLYNDRAISYRVHKGFEHDIVALSAGVQRMVR^ 

WQGAVNPDEFYVFKPTLKAGKPAILRKTMGSKHIKMIFTO 

LTIEKHYGRPI^IEWGRDGLDGKLYILQARPETV^ 

ASE^SVEAGDVLVTDOTDPDWEPVMKRASM 

EGDTGFIYAGLLDVQITDVALDNMPKAPVKVMMNVGNPELAFSFMLPSEGIGLARME 

KQDDELKAEITRRIAGYASPVDFYVDKIAEGVATLAASW 

RGAARYVADNFKDCFALECKALKRVRDEMGLTNVEI^ 

NAVLAEQFLQYFDGFSIGSNDMTQLTLGLDRDSGLVSESFDERNPAVKVMLHIAISACRKQ 
DFAKWLVEEGIESVSLNPDTVIETWLYLANELNK 



MKKTLVAAMLSLALTACGGGSDTAAQTPSMPEAEQSGKLNIYNWSDYVDPEWAAFEKETGIKTRSD^ 

LEAKVLTGKSGYDLTAPSIAl^RQIKAGAYQ 

TQQVKKALGTDKLPENEWDLWKPEYTAKLKSCGISYF 

DVKRFS S SGYTDDMAAGNLCAMGYGGDLNI AKTRAEEAANGVEIKVLTPKTGVGVWVDS FMI PRDAQNVANAHRY 
IDYTLRPEVAAKNGSFWYAPASRPARELMDEKYTSDASIFPNKELMEKSFIVSPKSAESVK^ 
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65 


631 


MAKVLIVPVSAGLDASAMQAFAKALDAQIFQAVDATAETLLAQGKSDDWFDALV 
KIYLAGKNVELALSLDAAAVFAVRSDNADAM^ 

GSS DALKDVSVLAGREAKRLS PAQFRYNLI DFARQADKRI VLPEGAEPRTVQAAAI CHEKGIARCVLLAKREEVEA 
VAKERGISLPDSLEIIDPASLVEQYVEPMCELMSKGLTPEDARKQLQDTV\^^ 

T IRPALQLI KTAPGASLVSSVFFMLLPNQVLVFGDCAVNPNPTAQQIADIAI QS ADSAKAFGIDPKVAMI S YSTVN 

SGSGPDVDTVIEATKLAREKRPDLAIDGPLQYDAATW^ 

NVLSVGPLLQGLRKPVNDLSRGALVEDIVFTIALTAVQAKQMEG 


66 


634 


MKT S I R YALLAAALT AAT P ALAD I TVYN GQHKEAAQ AV ADAFTRATG I KVKLN S AKG DQLAGQ I KE EG S RS P ADVF 
YSEQIPiUjATLSAANLLEPLPASTINETRGKGVPVAAKKDWVMiSG 

NRI GYAPTSGAFLEQWM VKLKGEAAALKWLKGLKE YGKP YAKNSVALQAVENGE I DAALINNY YWHAFAREKGV 

QNVHTRLNFVRHRDPGALVTYSGMVLKSSQNKDEAKJ^ 

LEAPQVSATTVSEKEHATRLLEQAGMK 


67 


637 


MHDKTWSGRFNEFVSELVKQYTASIGFDRRLAEW 
EWSSDLEDVHMNIERRLTDKIGDAGKRLHTGRSRNDQV^^ 

PGFTHLQVAQPVSFGHHMIAYVEMLGRDNERMADCRCRVNRMPLGAAALAGTTYPIQREITAELLGFEQICQNS 

AVSDRDFAIEFTAAASLVMVHLSRLSEELILWMSPRFGFI1)IADRFCTGSSIMPQKKNPDVPELVRGKSGRVIGH^ 

I GLITLMSQPMYNKDNQEDKEPLFDTADTLI DTLRI YADMMRGVWKPDNMRAAVM 

PETIDAHEWAQAVRHADQAGVDLSELPLEVLQGFSDLIADDVYGVLTPEGSLNARNHLGGTAPEQVRFQVKRWR 
LA 


68 


641 


MADFNQILTPGDVDGGIINWNEIPAGSNHKIEWNRKLAAFQLDRVEPAI FAKPTNYGFI PQTLDEDGDELDVLLV 

TEQPLATGVFLEARVIGVMKFVDDGEVDDKIVCVPADDRMGNAYKTLSDLPQQLIKQIEFHE^HYKDLKKAGTTK 
VESWGDAEEAKKVI KE SI ERWNKQA 


69 


663 


MKKAIATLIALALPAAALAEGASGFYVQADAAHAKASSSLGSMGFSPRISAGYRINDLRFAV 

DFKLYSIGASAIYDFDTQSPVKPYLGARLSLNRASVDLGGSDSFSQTSIGLGVLTGVSYAVTPNVDLDAGYRYNYI 
GKVNTVKNVRSGELSAGVRVKF 


70 


697 


MKEHKARKRFGQNFLQDTRIISDIVNAVRPQADDWIEI^ 
DKLVIHEGDVLQFDFNGIAGKKKIVGNLPYNISTPLLFK^ 

MLQYFFDMEMLIDVPPESFDPAPKVDSAVVRMIPVKHRIGKADDFEHFMLVKLAFHQRRKTIRNNL 
QAVGINPQDRAEHIAPEKYVALSNYLAGKW 


71 


703 


MmLLTVSLGIJ^SACATQGTODKDAQITQDWSVEKLYAEAQDELNSSWY^ 

DTAYAYYKDDEKDKAIJUQDRFRRLHPQHPNMDYALYLRGLVLFNEDQSFLNKLASQDWSDRDPKMREAYQAFAE 

LVQRFPNSKYAADATAR1WKLVDALGGNEMSVARYYMKRGAYIAAANRAQKIIGSYQNTRYVEESM 

DKPRLAADTRRVLETNFPKSPFLKQPWRSDDMPWWRYWH 


72 


711 


MSSGNIHIHSMTGFANAAAECGSKRINLDLRAVNHRFLDIQIRMPDDLRYLESGIREKISSHIARGKVECKIQIQD 
AENGSQSLELNRDLVGQIJ^INKDLRKHHDI^ 

REGKIOjGEHLLQRLEAMEEIIDALSELFPTLLETHKEKIRARLVEAVGSIDNDRLQQEFALFIQK^ 
THIAEVRRIVTEHKGSSGKRLDFLMQELNREANTLGSKSIAAECTQASVELKVLIEQMREQVQNIE 


73 


720 


MLNITLPDGSVTtQYESPVTVAQIMSIGAGLAKATVAGRWGKLVDACDPIVEDS 

HLVGHAVKQLYPNAKMVIGPVIEEGFYYDIATEKPFTPEDVMIEARMKELIAQDYDVVKIMTPRAEAIKIFQERG 
EEYKLRLIDDMPEVEAMGMYHHQEYVDMCRGPHVPNTRFLKNFKLTKLAGAYWRGDSNNEMLQRIYGTAWATKDEL 
KAYIQRIEEAEKRDHRKLGKQLDLFHLQDEAPGMVFWHPKGWALWQ 

KSGHWBNYKDNMFVTSSEKREYAVKPMNCPGHVQIFNNGLRSYRDLPMRIAEFG 

DDAHIFCTEDQIVSEARAFNELLIRIYKQFGFHDVSVKLSLRPEKRAGSDDWDKAEQGLREALTACGVEWGELPG 
EGAFYGPKIEYHVRDALGRSWQCGTLQLDFVLPERLNAEYVTENNDRARPVMLHRAILGSLERFIGILIENHAGSF 
PLWLAPVQLVIMNITENQADYCREVAAKLQAAGFRAELDLRNEKIGYKIRDNSQYRFPYQIWGDKEKQENKVAVR 
RKAEDLGSLDLDDFIAQLQQEITDALVNH 


74 


724 


^NVNRIVAEGIMVEAAQDFNALEQIKARYLGKTGELTGLLKTLGQ 

ALNEVKLQARLAAEALDITLPGRAQEGGSLHPVTLTLQRVVELFHGMGFEVADGPEIEDDFHNFQALNIPANHPAR 

AMQDTFWENGDVLRTHTSPIQIRYMLDKKEPPIRIIAPGRVYRVDSDATHSPMFHQAEGLWVEEGVTFADLKAVF 

TDFIRRFFERDDLQVRFRPSFFPFTEPSAEIDIMGENGKWLEVGGCGMVHPNVLKNVNIDPEKYTGFAFGIGLDRF 
AMLRYNVNDLRLFFDNDLNFLKQFAK 


75 


728 


MQFSYSWLKTQADTELSSDKLEHLLTMSGLEVEEAETMPAFAGVVTAEVKSVEKHPDADRLNW 

IVCGAPNVKAGIKVPCSLPGAVLPGNFKIKPTKMRGEVSDGMLCSTDELGLPDDGVNGLHILPEDAPVGTNIREYL 

DLDDTLFTLKITPNRADCLSIKGIAREVSALTGCAFRQPEIHTAPITGSRKQPVQINAPADCGRFISRVIENVNAR 

ATTPDWMKQRLERSGIRSISALVDIGNYVMLEIGQPMHVFDADKLSGSLHIRRAREGETLECLNEKTVSLSENTLV 

VADEKGVLSLAGLMGGAASAVSDGTQNIVLEAAWFAPEIIAGKSRQYGFGSDSSFRFERGVDYRLQADAIERATEL 

vLQICGGAAGEMVEAQGELPEMQVGLRLDRLKTVLGVDIPAEQVETILQHLGLQPEKTAEGFRVTAPSFRFDIEI 

EADLIEEIGRVYGYENIPDDYTSGRLKMLELPETRRPRFAVYNEMAARGYREVVSYAFVDEQWEQDFAANADPIRL 

QtfPLAAQYAVMRSTLI GGLVE I LQNNLNRKQNRVCVFE IARVFSKGS DGQFVQNERI GGLWYGAVMPEQWGGKTRN 

ADFYDIKADVENLLKNKAVEFVKTGHPALHPGRAANIVSDGKVIGFVGELHPKt^LQKYDLPQAPLV 

CGKTRYRWSKFQPVRRDIiAFVMPEA^3SHDDLLLVLKGAANKLVQEISVFDVYRGTGLPEGMSVAVKVILQDMEN 
ILTDEAVEPLIGKLIGAATAAGARLRS 



- c 
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76 


743 


MGGQKTHFGFSTVNEDEKAGKVAEVFHSVAKNYDIMNDVMSAGLRRVWKHFTI 
GWAKRVGKEGEVWLTDINSSMLTVGRDRLLNEM 
RVLKPGGTLLVLEFSKIYKPI^GAYDFYSFKLLPVMGRLIAKD^ 
YHNMS AG I VALHKGVKF 




77 


757 


MSEIGLWIYFGKVRDLYEIDDKRND^^ 

DVLPENEAKALEKRAWAKKLT PVKVEAIVRGYLAGSGWKDYQKTGSVCGI QLPEQ1QEAQQLPEVI FTPSTKAAV 
GDHDENI S FEECGRI IGKELAEEVRAKAVRL YTEAAE YAKSRGI 1 1 CDTKFEFGLDENGTLTLMDEVLTPDSS RFW 
PADQYKVGTNPPSFDKQFVRDWLEQSGV^KKAPTIPKVPADVIQKTVEKYREALTLLTQD 


78 


758 


MMFDKHVKTFQYGNQTVTLETGEIARQAAAAVKVSMGDTVVLVAWTNKEVKEGQDFFPL 
GFFKREGKQSEKEILTSRLIDRPIRPLFPEGFYHDIQIVAt^SVDPEIDSDIPAMLGASAALVLSGVPFAGPIGA 
ARVG YVN GVYVLNPTKAELAKSQLDL WAGT S KAVLMVE S EAKI L PEDVMLGAWYGHDQMQVAINA I NE FADE VN 
PELWDWKAPETNEELVAKVRGIAGETIKEAFKI RQKQARSAKLDEAWS AVKEALI TEETDTLAANEI KGI FKHLEA 
DWRSQILDGQPRIDGRDTRTVRPLNIQTSVLPR 

HYNFPPYSTGEVGRMGAPKRREIGHGRLAKRALLAVLPKPEDFSYTMRWSEI^ 

VPLKAHVAGIAMGLILEGNKFAVLTDILGDEDHLGDMDFKVAGTTEGVTALQMDIKIQGITKEIMQIALAQAKE^ 
LHILDQMKAAVAGPQELSAHAPRLFTMKINQDKIREVIGKGGETIRSITAETGTEINIAEDGTITIAATTQEAGDA 
AKKRIEQITAEVEVGKVYEGTVVKILDNNVGAIVSVMPGKDGLVHISQIAHERVRW 
RGRVRLS I KALLDAPAREEHAAE 


79 


763 


MIANSITELIGNTPLVKLNRLTEGLKAEV^ 

VGLAMVCAARGYKLAITMPESMSKERKMLLRAFGAEL^ 

EVHRKTTAEEIWRDTDGKVDVFVAGVGTGGTITGVGEVL 

IPTVLNTKIYDSITKVSNEAAFETARAIAEKEGILVGISSGAAW 

LFADLA 


80 


778 


MPSETSSPRKENETEVHIPMPFIVKQSGSNAIAVCALVLAALGLGTSGFLFVQGQNVLKNQELAFN 

ESENAALLKDNLNRQMIQSELDRLDGNVKANGEQILEMQKSYRELTKGRADWLVDETETILNLM 

TAVGVLEHIDSRLSRFNQAELLPIKQAVSSDLAELKNRPYVDISGT^ 








EAASAaWWQNVWEKSLGTLK^LVElkRLEMMUAMLl KPKOAK fc VKKNLKLKLLUAKTALMURWSEVYQGDLIfflftBft- 
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HKRRLIQAPF171KLLPKLKTGGYIHLATO 

VWDLVFKRIG 
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1339 


^SQFFISTLKMPAEAALASHKIJfllRAGLIKA^^ 
AELWOESGRWEFYGKELLRLKDRHDRnFCMGPTf FFV^ 

REFVMKDAYSFHADYASI^TTYQDMYDAYCRIFTRLGLAFRPVAADTGSIGGTGSHEFQVl^ 

YAMIELAPTLPLKGERAMQAELVKVHTPNVKTIDSLVDFLSIPIEKTLKSIVVEGENEGELILIXLRG 

IKAEKLAGVKSPLTMASPAAIVEQFGANGGSLGPVGFAGKWADFATEKGADWIGMEDDYHYTGFNFGRDAAEP 

EFVDLRNWEGDESPDGQGRLKLARGIEVGHVFQLRDKYTQAMNVSFLDNNGKSQIMEMGC 

NNDEKGIIWTKAMAPFEWIVPMNYKKSDTVREAAD^ 

GDRALKEGNVEYAERRDNEAQAVAIGEIVARVTASLNA 
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1341 


l^TQLHDVDPIETQEWLDALSSVLEYEGGERAQYLLENLVKYCRDKGVRMPHGTTTPYLNTVSVENEKGIPGDQNI 

EHRI RAFVRWNAAAIVLRAGKKDLELGGHI AS FQSAATMYEVGFNHFWKAKGEGEEGDLVFFQGHVAPGI YARAFV 

EGRLTEDQLNNFRQEVDGHGLPSYPHPHLLPD^ 

IX3EMDEPESQGAIALAAREGLD1^IFVINCNLQRLD^ 

KDGILRQRMEECLDGDYQTYKSKDGAYv^ 

KPT VI LAKT I KGYGMGAS GEGONVAHOAKKMDKA S L KOFR DR FDT P VTDF OT F 9 fJHT, PYT.TFAPDTFFYKYT.HARB 

DALGGYLPQRKPTQEVLEVPELSAFDAQLKSSGEREFSTTMAFVRILSTLLKDK^ 

FRQYGIWNPKGQQYTPQDKDQLMFYKESVDGQILQEGINEPGAMM 

GDLAWMGDMHMGFLl^GTAGRTTLNGEGLQHEDGHSHI QADLI PNCVS YDPTF 

VFYYITLMNENYTHPDMPEGAEQDILKG^LLKAGGKGDKKVQLMGSGTILQEVLAG 

FNLLHRDAVEVERFNRLHPLEAEIOTFV^ 

NLRRFFEVDRYNV7VVAALAALAEQGKVSKETVQQAIEKYGI KADSAPSWKR 


i 
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1342 


MS IVE I KVPDIGGHENVDI IAVEVKAGDT I AVDDTLITLETDKATMDVPADAAGWKEVKVKVGDKI SEGGVILTV 
ETGAAAAEAAPAAAEAQPAPAAAPAMGGAWQVAVPDIGGHTDVDV^ 

PCTMG WKAVFL KVGDKV SE G S AI I EVET VG S AAAAPAOAAQAAAP AAAP P PT AAAAP AAAPAP S AP AAAKI DEA 
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129 I 1344 



ITL 



SIGGTGFTPIWAPEVMLWCKSQIKPVWNGKEFAPM^CPLSLSFDHRVIDGMGMRPWF^S™ 



DKE 



130 I 1347 



131 I 1356 



132 1358 



133 1372 



134 1379 



„ SSGIENGYIYVLNR DLFGQYSIFEYEVEHPENPNEKEVTIRflEDCGC IPEEVTTM^T.TPTM^ 

^SSfrcNVDIIAVEVWGDTIA^^ 

EAEGTAAAPKAEAAAAPAQEAPKAAAPAPQMQFGGSADAEYDVVVLGGGPGGYSAAFAAADEGLKTOT 

QFLDPHHLEVSLTAGDAYEQAAPTGEKKIVAFKNCI1AAGSRVTKLPFIM 

GIIGLEMGTVYSTLGSMiDVVEMMDGLMQGADRDLVKVWQKQNEYRFDNIlMTKW 

KEPQRYIffiVLVAAGRAPNGKLISAEKAGVAVTDRGFIEVDKQMRTNVPHIYMGMW 



MTWETVIGLEIHVQLNTKSKIFSGASTAFGAEPNAHASVVECALPGV^ 



==== 

F^YGVSEYDARLLTASRAQAAYFEEAAKESGQGKLTANWMNGEI^ 



ASKGKANPAQVQELIKAKLA 

MSNENRTCSFCGKSKSHVKHLIEGENAFICDECVSNCIEILHEE 



:ll 



1390 



136 1392 



MTVKTPVYLDYMTPPVDKRVAEKMIPYLTETFGNPASNSHSFGWEAEEAVEKARADIAALINADSKEI^ 

esnniaimfykskgnhiitvktehka^ 

^IGWQDIPAIGEICRERKIIFHVDMQACGKVPVDVEAJUCVDIiSMi^ 



MSSTPWKQAGYPRLVADIGGTHARFALETAPRVIEKAAVL PCKDYDTVTDAVRAYLNQSGATAVRHAAFflTAMPTT 
GDRVQMTK8HWS IETTRQTLGLDTLI LLNDFTAQALAVTQTS S KDLMQVG^KPVEFM^VIG^CTGLG^SGL 



======== 



If It 

■ r> 




74/20 








Gm^PTFIVDYPVEVSPLARASDTKQGLTERFELFWGRELANGYSELNDPE 
DADYIRAMEFGLPPTGGCGIGIDRLVMLLTDSQTIRDVILFPQMRPE 






138 


1429 


MRKKLTALVLSALPIAAVADVS^ 

IGFKGSEDLGDGLKAWQLEQDVSVAGGGATQWGNRES FIGLAGEFGTLRAGRVANQFDDASQM DPWDSNNDVAS 
QLGI FKRHDDMPVSVRYDS PEFSGFSGSVQFVPI QNSKSAYTPAY YTKNTNNNLTLVPAWGKPGSDVYYAGLN YK 
NGGFAGNYAFKYARHANVGRNAFELFLIGSGSDQAKGTDPLKNHQVHRLTGGY^ 

NSTTEIAATASYRFGNAVPRISYAHGFDFIERGKKGENTSYDQIIAGVDYDFSKRTSMVSGA^KRNTGIGNYTQ 
INAASVGLRHKF 
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1445 


MSDDKSKMAAALAQIEKSFGKGAIMKMDGSQ 

LEAVAQCQKNGGVCAFVDAEHAFDPVYARKLGVKVEELYL^ 

AEIEGDMGDSHVGLQARIMSQALRKLTGHI^^ 

GSIKKGEEVLGNETRVKVIKNKVAPPFRQAEFDILYGE 

VRVWLKENPEVANEIDAKIRALNGVEMHITEGTQDETDGERPEE 
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1452 


MQNIFDPLVIRGKSLTPIVQGGMGVGVSASGLSSAVARENGIGTIASVDLRHMEDLLAESQINPSE 
ALDREIQKAKSASEGKGLIAVNVMKAVKD^ 

GINIVLKRWMKKGILPDAIVVEHPAHMGHLGASTVEGVNDAKFDFKRVIEETFEVFKSLGLESEKIPLILAGG^ 
NFEKVKTALKNWGASAVQIGTAFAVTEEGDAHLNFKKTLAGAETEKVV^ 

QTNAKADPRRCTQGLNCLTSCGLRDGLSKAGQFCIDIQLAAAFRGEVDKGLFFRGKDRCPSAMPSAPSARRYNIC 






141 


1457 


MSQLANAIRFLSADAVQKANSGHPGAPMGMAEMAETL^ 

YNLSIEDLKNFRQLHSKTPGHPEYGYTDGVETTTGPLGQGIANAVQ4ALAEKILAM 

GCLMEGVSHEACSLAGTLGLGKLIVLYDDNNI S IDGKVDGWFTENIPORFES YGWHWPNVNGHDTAAIOAAIEAA 
RAETGKPSIICCKTLIGKGSMKEGSHKTHGAPI^M^ 

NELFAQYQAKYPAEAAEFVRRMDKKLPDNFDEYVQAALKEVCAKAETIATRKASQNSI^ 
PSNLTDWSNSVSVTRDKGGNYIHYGVREFGMGAIMNGLVLHG^^ 

THDSIGLGEDGPTHQPIEQTATLRLIPMDWRPCDTAESLVAWAEAVKAADHPSCLIFSRQNLKFQARSEQQLND 
I KRGGYVI SEAQGNAQAVI IATGSEVELALEAQKALAAQNI AVRWSMPSTNVFDRQDAAYQAAVLPEGLPRI AVE 










AGHADGWYKYVGLNGAWGINRFG^^APAULLi; KAt GFTVDR V TDTVKSVt ■ — 
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1471 


MSKKRVLTGVTTTGIPHLGNYVGMRPAVRAAQNLDTESFLFLADYHGIIKCHEPEMIHQSTQAVAATWIACGLDP 
ERTTFYRQSDTPEVMILNWILTCITAKGLMNRAHAYKAAV^ 

EVPVGRDQIQHVEMRDIAGRFNHRFRELFTLPEVKIDENVELLVGLDGRKMSKSYGNTIPLWEN^^ 

ITNffiEPGEPKQPDESPLFEIYKAFSTPSETVEFTKMLADGLAWGEAKKLI^ 

EEILQAGAAKARKEARELLDKVRDAVGIRPLK 






143 


1472 


MRYDKLTAKFQQAIAEAQSLALAADGSYLEAGFVIJC^ 

QGGDILPSRELQAVLNLMDKAATKRSDAYIASELFLLALVQQNDATGKILKEAGATEQNI 

NAEDQRDALKKYTLDLTQRARDGKLDPVIGRDDEIRRAIQVLQRRTKNNPVLIGEPGVGKTAIVEGLAQRIVNGEV 

PESLRNKRLLVLDLAALIAGAKYRGEFEERLKGVLNDLAK^ 

RGELHCIGATTLDEYRQYIEKDAALERRFQKVLVGEPSVEDTIAILRGLQERYEIHHGIDITDPAIVAAAELSDRY 
TTnRFLPDKATDLIDEAASRVTTOEKETKPE^ 

DLDEIWKAEKAISDGAMIKKQIDEVKIKIEQMRQGDLALASKLMYEDLEHLEKQRAAAERADTDSTKPMKL^ 

NNVGAEEIAEWSRMTGIPVSKMMEGERDKLLKMEEVLHRRWGQDEAVRAVSDA 

GPTGVGKTELCKALAGFLFDSEDHLIRIDMSEYMEKHAVARLIGAPPGYVGYEEGGYLTEQVRRKPYSV 

KAHPDVFNILLQVLDDGRLTDGQGRTVDFKNTVIWSNIGSQHIQQMGIQDYEAVKEVVffi 

DEVVWHGLDQDNIRNIAKIQLKGLEKRLEKQNLRLAVSDAALDIIAKAGFDPIYGMPLKR^ 

LAGNYAPESEI RVEADGDRLKFA 






144 


1506 


I^HQTVEHEAAMFAMGIADSPIVLQPTKN^ 
AGPGFTl^RLRPEFLAONTOTALNDARFGVAKTO 
VIRQNHVGDWGTQFGMLVAYLVEQQKDNAAFEIAD 

QFVDISLSHAQAVYDTLGLKLRPEDVAGESKYNDDLQPWDDLVQKGLAVEDIXSAKVVFLDEFKN 
KQGGGFLYASTDLACLRYRIGRLKADRLLYWDHRQALHFEQLFTTSRKAGYLPENVGAAFIGFGTMMGKDGKPFK 
TRSGDTVKLVDLLTEAVERATALVKEKNPELGADEAAKI GKTVGIGAVKYADLSKNRTSDYVFDWDAMLS FEGNTA 
PYLQYAYTRVQSWRKAGEWDMAPTVLTEPLEKQLAAELLKFEDVLQSVADTAYPHYIAAYL^ 
CPI LKAEGASRNSRLQLAKLTGDTLKQGLDLLGI DVLDVM 






145 


1518 


MSQKLILVLNCGSSSLKGAVLDNGSGEVLLSCLAEKLNLPDAYITFKVNGEKHK^ 
HGLDSRIGAIGHRWSGGELYSESILVDDEVIAGIEKCIPLAPLHNPAHLLGLRAAQSIFKGLPNVW 
MPEVAYKYAVPQELYEKYGLRRYGAHGTSYRFVADETARFLGKDKKDLRMVIAHLGNGAS I TAVANGESRDTSMGL 
TPLEGLVMGTRSGDIDPSWGFI^NANMTIAQITE^ 

YRLAKYIGSMAVMGGLDALVFTGGIGENSDIIRERVIGYLGFLGLNIDQEANLKARFGNAGV 
PTNEELMIAHDTARLSGL 






146 


1533 


MKAYLALISAAVIGIJ^CSQEPAAPAAEATPAAEAPASEAPAAEMPADA^ 

QVSKACKEFTITLKHTGTQPKASMGHNLVIAKAEDMDGW 

DPAKLADGEYKFACTFPGHGALMNGKVTLVD 






1-4-7 — 


1535- 


MLTNIAKKIFGSRNDRLLKOYRKSVARINAL^ 





r 
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148 



RTLGMRHFDVQLIGGWItHDOKIAEMRTGEGKTLVM 

TVGVIISDMQPFDRQNAYMDITYGTNNEFGFDYLRDNMVTDQYBKVQRELNFRVVDEVDSILIDEARTPLIISGO 

ADDNIQLYQIMNTVPPHLVRQETEEGEGDYWVDEKAHQVILSEAGHEHAEQIITQMGLLaENDSLYSJ^IALMffl 
LMAALRAHSLFHKDQHYVIQDGEIVIVDEFTG^ 

KLSGMTGTADTEAFEFQSiyNLETVIIPTNRPVQMDFlTOQIFRSAEEKFEAWKDIEECHKRGQPVLVGTTSIEN 
SELVSKLLTQAGLPH^NMEHEREALIVAQAGKVCMTVATNmGRGTDmGGNLKHQTDAIPADETLSDEEK 
QAQIAALEDGWQAEHDKVblEAGGLHIIGTERHESRRIDNQLRGRSGRQGDPGSSRFYLSFEDPLLPiFALDRflAAI 
LNRLAPERGVMEHNLLTRQIEGAQRKVEGRNFDMRKQVlEYDDVMEQRKVIYSQRNEILTSKDISDIiMQEIRSD 
WSDLVDTYMPPDS^QWDIPTLENRIJ^mHEDIQSWLKMmDGQDIKE^IERIENEYAAKTELVGKOA 
MADFERNVMLQVIDNQWREHLAAMDYLRQGIHLRSYAQKNPKQEYKREAFTMFQDLMGIKFHIASLLTSVQ 

pvavveeqpi^iqsihsespdmeellgqsqtdlvteafnpdgtdfspeai^gqivhrndpcpcgsgl™ 



1560 I^nkdqfadnhfirtiieedlesgkhtavqtrfppepngylhighaksiclnfglayiydglcnlrfddtnpeken 

jDEYVNMKEDVEWLGFHWAGEPRFASNYFDQLYDYAVGLIKDGKAYVDDLTPEEMREYRGTLTEAGKNSPYRDRSV 

EENLDLFTRMKNGEFPtXSSKTLRlKIDMASGNINMRDPVIYRIRRAHHHNTGDKWCiyPMYDYTHCISDAIEGITH 

SI^TLEFEAR^LYDCVLDNIPAPHATRPRQYEFSRLELLYTITSKmNQLVVEKHVSGWDDPRMPTISG I mRG 

YTPEGLRLFAKRAGISKSENIVDMSVLEGMREELENSAPRLMAV1NPLKVTLTNFETGRTQSRRAAFHPNHEEMG 

EREVPISQTIYIEADDFAENPPKGFKR1IPGGEVR1RHGYWKCDEVVKDEAGNVVELKCSIDHDTLGKNPEGRKV 

KGVIHWSAEHAAEIKVRLYDRLFTVERPDAVRGEDGEYLPFTDFLNPESVKEITAYAEPAAKDLPAESRWQFERI 
I GYFVTDRKDHGKDTPVFHRTVTLKDSWQPK y 



1572 MI^AYRKAAAEPJ^GIPMPLNAQQTMLVELLKSPPAGEGEFLVELLAHR VPPGVDDAAKVKASFI^VAEGSA 
SSPLI SPEYATELLGTMLGGYNIHALIELLDDDKLASIAAKGLKHTLLMFDSFHDVQEKflEKGNKYAQEVLQSWAD 
AEWFASRAKVFEKITVTVFKVDGETNTDDLSPAPDAWSRPDIPIJUiLAMLKNPRDGITPDKPGEVGPIKLLEELKA 
KGHPVAYVGDWGTGSSRKSATNSV1WHTGEDIPFVPNKRFGGVCLGGK1APIFFNTQEDSGALPIEVDVSALKMG 
pWDILPYEGKIVKNGETVAEFELKSQVLLDEVQAGGRlNLIIGRGLTAKAREALKLPASTAFRLPQAPAESKAGF 
TIAQKMVGRACGLPEGQGVRPGTYCEPRMTTVGSQDTTGPMTRDELKDLACLGFSADMVMQSFCHTAAYPKPVDVK 
THKELPAFISTRGGVSLRPGDGVIHSWLNRLLLPDTVGTGGDSHTRFPIGISFPAGSGLVAFAAATGVMPLDMPES 

iTVKLNKEPIIEYMKSNVVIibBQMIANGYQDPRTLERRIKAMEKWI^ 

jCPNDPDDVCFMSERSGTKIDEVFIGSCMTNIGHFRAASKLLEGKAOTPVRLWIAPPTKMDAKQLSDEGHYGVLGRA 



1574 JMQVYYDKDADLSLIKGKTVMIGYGSQGHAHAAHLKDSGVNWIGLRQGSSWKKAEAAGHWKW 

LLLPDETMPAVYHAEVTANLKEGATLAFAHGFNVHYNQIVPRADLDVIMVAPKGPGHTVRSEYKRGGGVPSLIAVY 

QDNSGKAKDIALSYAAANGGTKGGVIETTFREETETDLFGEQAVLCGGWELIKAGFETLTEAGYAPEMAYFECLH 

EMKLIVDLIFEGGIANMYSISNNAEYGEmGPEVVMASSKEAMMALKRIQTGEYAKMFIQEGNVNYASMTARR 
RLNADHQVEKVGAQLRAMMPWITANKLVDODKN " ^" iAKK 



1577 MQLSGAQIIVQSLKAEGVEYVFGYPG(aviEIYDALFQLHKFKHILTRHEQAAVH AADAYARVSGKVGVALVTSGP 

'GVTNALTGIATAYTDSIPMWISGQVGNSLIGTDAFQEVDWGITRPWKHNFLVTDINELAETIKKAFQIAASGR 
PGP™VPKDVTQAMAKFSYPQEDIFIRSYQPWQ 

RMTGAPCTGTLMGLGAYPSGDRQFLG^GMHGTYEANLMQNADVVIAVGARFDDRWSVPSKFFEKAKKVIHIDV 
DPSSIAKRVR^DIPIVGDVKNVLSEMVALWQKQESVPSEDALGKWWKTIEEVmSRDCLWFDNGSEIIKPQm 

aeitgnsaiitsdvgqhqmfaaqyypferprqwlnsgglgtmgvglpymgakijuvpdqdvfcitgdgsiq™ 

LSTCFQYRIPVWITLNNGYLGMVRQWQEIYYGGRESETYFDSLPDFVKLAEAYGHIGIRVDKKSDVEGALLEALN 
QKDRLVFIDFLTDQKQNVMPMVGNGKGLDEMVLPPHMRADGKft. ^ 

1581 |™TQSPDFQAGLKALI^TAQNPETERIVADI(aDVQKRGDAM,IEYmFDQT NAKSIDDLILTQAD^ 
IFERIPNDVQTALQTAARRVESYHQRQKMESWSYTDEDGTLLGQQITPLDRVGIYVPGGKMYPSSVIMNAMPAHVA 
GVKEI IMWPTPKGEMDIVLAAAYVAGVTKVFTVGGAQAVAALAYGTETI PQVDKITGPGNAFVAAAKRRVFGW 

RGAMILAKDLDEACEIANYISPEHLELSVENPQEWAKKIRHAGAIFMGRYTGESLGDYCAGPNHVLPTSRTARFSS 
PLGTYDFQKRSSIiIQVSEQGAQKLGETASVIiAHGESLTAHARAAEFRMK ' 



1583 K™ Q ^ FLTMQEAGSLSKI ^ 

DMRmETAAESTGTAETQIAETASAAKRSVTWmCETQIWSINLDGSGKSRLDTGVPFLEraaDQIA 
RHGmDIDISCKGDLHIDDHHTAEDIGITLGQAIRQALGDKKGIRRYGHSYVPLDmSRWIDLSGRPGLVYNIE 
IF^RALIGRFDVDLFEEFFHGIVNHSMMTLHIDNLSGKNAHHQAETVFKAFGRALRMAVEHDPRMAGQTPSTKGTLT 



1595 IMTSELRQKFLKFFETKGHTVVRSSSIVPHDDPTLI.FTNAGMQFKDVFLGFDKRPYSRATTAQKCVRAGGKHNDL 

PKPSVDTGMGLERIMVMQHVHSNYEIDLFQDLUCAVAmGAPFRMEEPSLKVIADHIRSCSFLIADGVLPSNEG 
LVKGGKTLGGEIIFKLYDTYGFPYDLTADICRERNIEPDEAGFEREMEAQRARARAAOSFKANAOLPYnRnnTEFg 
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155 



1604 



156 



1621 



157 



1636 



158 



1640 



159 



1642 



160 



1655 



161 



1684 



162 



1691 



163 



1710 



164 



1716 



165 



1796 



166 



1809 



167 



1810 



GYSERQTESKVLALYKDGEQVNELNEGDSGAV^ 

GVQTSGRLKVGDSVTAKVDDEIRNANM^ 

EVERRVNEMLANVAVNAAIMSMEDAQKTGAMM^^ 

GIMGVRRIEAITGLNALKWAQEQERLVKDI IAETKAQTEKDVLMIQAGAAHAKALEKELARAKAELAVHAGAKL 

LDDAKDLGAAKLVMQIEADAAALREIWDLTGKSDNAVI^ 

VGGKGGGRPDLAQAGGTDADKLPAVLDSVKDWVGAKLV 



MELVFIRHGQSEWNAKNLFTGWRDVKLSEQG 

PQIKTWRLNERHYGQLQGLDKKQTAEQYGDEQVRIWRRSYDTLPPIjLDKDDEFSAHKDRRYAHLPAD 
VTLERVLPFWEDQIAPAILSGKRVLVAAHGNSLRALAKHIEGISDEDIMGLEI PTGQPLVYKLDDNLKVIEKFYL 



MGIYDFQMKDAEGNAVDLSGYRGKVLLrVNTATRCGLT^ 

I AQVCMMKFGTKFKI FDKI EVNGANTAPLYAYLKSVKPQDKGNHLFKDFVLKLAALGEKRDEGDIKWNFTKFLVNR 
DGE WERFAPSVTPEE I EADI RALL 



LLFSSLLFSSLLFSSLLFSSAAQAASEDSSRSPYYVQADLAYAAERITHDYPKPTGTDKDKISTVSDYFRNIRAHS 

YHPRVSVGYDFGGWRIAADYASYRKWNNNKYSVNIKKGRETQDNREELKTENQENGSFHMSSLG 

KFDKFKPYIGARVAYGHVKHQVHSVETKTTIVTSKPAATSPQGGPIIET 



mslypiynfsagpavlpeavletarqemldyngtgfpvmamshrsemflsilhraeqdlrqllkvpdnykilflqg 
gattqfnmaamlmgfrtadawtgnwsriayeqmsrltdteirlaahggeqfdyldlppve™ 
awetwglqyrevpclsegmpplvcdmsseilsrefdvadygliyagaqknigpagvtvvivredllercpndip 
dvfnyrshimdgmyntpstyaiymsglvfrwlqaqggvkkieavnrlkaqtlyetidgsdgfyinrirpnarskm 

NVVFQTGDEELDRRFVLEAELQGLCLLKGYKTVGGMRASIYNMPLEGVRAIjADFMRDFQRRYG 



MSREMLQLAEALASEKNVDAE WFQALE FALSTAAKKKADREHMDVRVQINRDTGEYQT FRRWLI VADEDYTYP DV 

EKTIEEIQEEIPGTTIQIGEYYEEQLPNEGFGRQMQTMQIILQRIRDAEREQNLNEFLAVKEDIVSGTVKRVER 

HGIIVEWAGKLDALIPRDQMIPRENFRSGDRIRALFLRVEEIGNTGRKQVILSRTSGDFLVKLYANEVPEIADGM 

LEIRAVARDPGQRAKVAVKANDQRIDPQGTCIGVRGSRVNAVSNELSGERIDVVLWSPEPAQFVMSALSPAEVSRI 

VIDEDKHAVDVIVAEDQLALAIGRGGQNVRLASDLTGWQLNIMTSAEADERNAAEDAMRRL 

LVQEGFATLEEVAYVPAAELIAIEG FDEEIVDMLRNRARDMLTMAIAAEEKLGEVSDDMRNLEGIDADM^ 

AblTTKUUJLiAEJLAV DEL IK 1TG V M KKTAKA V 1 LTAkhM W FTEDR 



MVHIMFNQMQELTTIRDILRFAVSRFNEAGLFFGHGTDNMDEMYLILHTLNLPLDMI^YLDAKLLEAEKEEV 
LAVIERRAVEHIPAAYLTHQAWQ6EFDFYVDERVIIPRSFIYELLGDGLRPWIEYDELVHNALDLCTGSGCLAIQM 
AHHYPDAQIDAVDVSLDALEVAGINVEDYGLEERIRLIHTDLFEGLEGTYDLIVSNPPYVDAESVELLPEEYLHEP 
ELALGSGADGLDATRQILLNAAKFLNPKGVLLVEIGHNRDVLEAAYPELPFTWLETSGGDGFVFLLTREQLLGEE 



MLDIQLLRSNTAAVAERLARRGYDFDTARFDTLEERRKS VQVKTEELQASEIN S I SKQ I GALKGQGKHEEAQAAMNQ 
VAQIKTDLEQAAADLDAVQKELDAWLLS I PNLPHES VPAGKDETENVEVRKVGTPRE FDFE I KDHVDLGEPLGLDF 
EGGAKLSGMFTVMRGQIARLHRAIAQFMLDTHTLQHG 

KTTQYLI PTAEVTLTNTVADSI I PSEQLPLKLTAHSPCFRSEAGS YGKDTRGLIRQHQFDKVEMVQIVfiPEKS YET 
LEEWGHAENILKALELPYRVITLCTGDMGFGAAKTYDLEVWVPAQNTYREISSCSNCEDFQARRLKARFKDENGK 
NRLVHTLNGSGLAVGRTLVAVLENHQNADGSINIPAALQPYMGGVAKLEVK 



MARHWQAGRFEIGLDKPKIbJGIVNLTPDSFSDGGVYSQNAQTALAHAEQLLKEGADILDIGGESTRSGADYVSPE 
EEWARVEPVLAEVAGWGVPI SLDTRRTVIMEKALALGGI DI INDVAALNDEGAVELLARQADTGI CLMHMQGLPKT 
MQINPKYQDWGEVARYLKARSAECIMGIAPQRIILDPGFGSGFGKPLQHNIALMRHLPELMAETGFPLLIGVSR 
KSTIGELTGEANAAERVHGSVAAALASVARGAQIVRVHDVKATADALKVWEALGINL 



OTDLNTLFANLKQMPNQEPFHQAVEEVFMSLDPFI^ 

YRVQMS SAIGP YKGGLRFHPTVDLGVLKFLAFEQVFKNALTTLPMGGGKGGS DFDPKGKSDAEVMRFCQAFMTELY 
RHIGADTDVPAGDIGVGGREIGYLFGQYKKIRNEFSSVLTGKGLEWGGSLIRPEATGYGCVYFAQAMLQTRNDSE^ 
GKRVLI S GSGNVAQYAAEKAI QLGAKVLTVS DSNGFVLFPDSGMTEAQLAALI ELKEVRRERVAT YAKEQGLQYFE 
KQKPWGVAAEIALPCATQNELDEEAAKTLLMGCYVVAEGANMPSTLGAVEQFIKA 
EMSQNAIRLSWTREEVDQRLFGIMQSIHESCLKYGKVGDTWYVNGMIAGFVKVADAMLAQGF 



MAFYAFKAMRAAALAMVALVLSSCGKGGDAAQGGQPAGREAPAPWGVVTVHPQW 

AQVGGI I QKRLFQEGS YVRAGQPLYQIDSSTYEAGLESARAQLATAQATLAKADADLARYKPLVAAEAVSRQE YDA 
AVTAKRSAEAGVKAAQAAIKSAGISLNRSRI TAP I SGFI GQSKVSEGTLLNAGDATVLATI RQTNPMYVNVTQSAS 
EVMKLRRQIAEGKLLAADGVI AVGI KFDDGTVYPEKGRLLFADPAVNESTGQI TLRAAVPNDQN I LMPGLYVRVLM 
DQVAVDNAFWPQQAVTRGAKDTVMIWAQGGMEPREVTVAQQQGTMIVTSGLKDGDKVVVE 
TPKEWASSENQAAAPQSGVQTASEAKPASEAK 



MIMAKKISILVGSLRRASFARKVALNAAEMFPEGWQAEIVEIGHLPLYNFDYDDPAVEDVPLPESYTAFRETIKAS 

DGILFVTSEMRTIPACLKNAVDIGSKPNADVAWKNKPAGIISHSVGKMGG 

LGNS PTLFDENGKLI DSARDFVQS YINQFVGLI ERNAK 



MNNLIKINLLPYREEMKRKQQQFKTLMYGAVLTGVMVAATYLFIDNMINNQSERNTLLETSIAHLDTE 

LKQEKDAFLIKKNKIEELQLKRLQAAKILDSLNEAVPGSTYLTSLDAVTADSYRLSGRTSSDNRVAAMMRAMPOT 

IFKQPELLSIKKNNSHQEFTLQATLQPIVKAAESKENPASGNAQEAN 



MASKS SKTNLDLNNMLLNLPARLFIALLAVAAVLGLGY 

LRDELASIRSAFDIMLKQLPTDAEIPNLVQELHQAGSSNGLRLDSVlffQPPVDDGPIKRLPYSISITGNYEQISQF 
TRDVGSLSRIITLESIiKIAQSPENGGNPDGKSSILNLSAIATTYQAKSVEEIiAAEAAQNAEQK 
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168 


1811 EESS^^ 


169 


1812 

LGVKFGATGKmKNDTSAFOTGVNSGFtKDDKWGAETKINLPITAAMSIsSl^ 

1 TLANPRVLTQNRKEAKI ESG YEI P FTVTS I^GGS STN^LKra^^TWPNITP^QIIOT^INroSPAO^S 


170 
171 


1835 |MSVIQDLQSRGLIAQTTDIEALDflLIjNEQKIALYCGFDPTADSLHIGHLLPVLfllRI^QQAGHTPIMiVrrATn>lT 

wwidrdgagisftefaysllqgydfaemgavleiggswgnitaS 

GTKFGKTEGGAVWLNAKKTSPYQFY 
- — — U "^"^m^ j-Ju^^uuLSKjtLtiAt\t bivx I ILRRGKRNHALLVWK 

AGVIHTDFERGFI ^QVISYDDFVSLGGEAKAKEAGKMRVEGK E YWnn^ 


172 


1843 ESSSK^^ 


173 


1849 

H G "°™ • 


174 


etofksatdfinffkiotqagaakireifqsfsnlfadfiptqtkkdldiiykSS 

• GKDKAGKPNRRSVENSJ^II^ELYEK^ 


175 


1855 


" KSILIIGA6Pm6 Q aCEFD ySGAUACKALREEGYKVILVNSNPATIMTDPEMADVTYIEPIMWOTW K 
IIAKERPDAILPTMGGQTALNCMDIAiUJGVIJUCYNVELIGATEDAID^ 

™ FDPMGVHTGDSI ^ A QTLTDKEYQimSIAVLRE^^^ 
VGEVMAMGRTIQESFQKALRGMTGICGFNPRSEDKAEIRREIJWPGPERmFVADAmS 

====== 

pe^higdalkngeialvvnwssdpqsvsdshiirqsalqqrvpq™^^ 


176 


1859 


IEALIERVlDNHTAI^IRSSKSPKPGMGLVFEGGIPAVTVGREGELFCIJlFEGGEmE 
VPSETAMVEAAmGNKVWAVGTTSMRALESAARATGRLKAGQGDTDIFIT^ 

LVSAFSGMGHIRAAYRHAVEREYRFFSYGDAMVLGRNEGWR iWalKtNVVDRLVTNFHLPKSTLLM 1 


177 

178 1 • 


1861 
1862 


YDSLIGKlCVHGKTREOAMAKMRVALAEIAVTGIKTNTPT.HRn^ 1 
^^DAVAERL^^^ 



c 



m 
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QTATQECGLKDLAYTGETIEDQDWVRLT^ 

CLKWLDTQLKNGE SVLDYGCGSGILTIAALKLGAGFAVGVDI DEQAVRAGKDNAAQNNVDAQFFLPDGLPQGQFDV 
VVMILANPLRM^GEMLAARTKQGGRIVLSGLLDEQAEELGGIYSQWFDLDPAETEEGWARL 




179 


1864 


MNRNEILFDRAKAI I PGGVNSPVRAFGSVGGVPRFIKKAEGAYVWDENGTRYTDYVGSWGPAIVGHAHPEWETVC 
EAALGGLSFGAPTEGEIVIAEEIAKIMPSVERLRLVSSGTEATMTMRLARGFTGRD^ 
AGSGLLTFGNPSSAGVPADFTKHTLVLEYl^IAQLEEAFAQSGNEIACVIVEPFVGNMNLVRPT 
KYGAVLIYDEVMTGFRVALGGAQSLHGITPDLTTMGKVIGGGOT^ 

VMGLKTLEIIQREGFYENLTARTEQLVQGFRTAADAAGIEFTADSVGGMFGLYFAARAPRNYADMARSNIEGFKQ 
FFHGMLDRNVAFGPSAYEAGFVSAAHTPELIDETVAVAVEVFKAMAE 




180 


1903 


MTLAEFWPLCLRRLHDMLPQGQFAQWIAPLWGEEGGWV^ 
KPGEGVRYEMMVEGAVEPAEPSLBAVSEGMPVQmLDELPSEEPV^ 

ASRPESVAVAKARTDVQRDAEEARYEQTNLSPDYTFDTLVEGKGNRLAAAMQAIAESPGQSYNPFFLYGSTGLGK 
THLVQAVGNELLKNRPDAKVRYMHSDDYIRSFMKAVRNNT YDVFKQQYKQYDLLI I DDI QFI KGKDRTMEEFFYLY 
NHFHNEKKQLILTCDVLPMIEGMDDRLKSRFSWGLTLELEPPELEMRIAILQKKAEAAGISIEDEAALFIANLIR 
SNVRELEGAFNRVGASSRFMRPVIDIDLARTALQDIIM 

PRQVMSLTKELTTLSLPSIGDSFGGRDHTTVMHGIRAVAKLREEDPELAQDYEKLLILIQN 




181 


1920 


MTQDKILILDFGSQVTQLIARRVREAHVYCELHSFDMPLDEIKAFNPKGIILSGGPNSVYESDYQADTGIFDLGIP 

VLGICYGMQFMAHHLGGEVQPGNQREFGYAQVKTIDSELTRGIQDGEPNTLDVWMSHGDPCVSKLPDGFAVIGN 

CPIAMMENAEKQFYGIQFHPEVTHTKQGRALLNRFVLDICGAQPGWTMPNYIEEAVAKIREQVGSDEVILGLSGGV 

DSSVAAALIHRAIGDQLTCVFVDHGLLRLNESKMVMDMFARNLGVKVIHVDAEGQFt^^ 

FIEVFDAEEKKLTNAKWIAQGTIYPDVIESAGAKTKKAHMKSHHNVGGLPE 

LGLPREMVYRHPFPGPGLGVRILGEVKKEYADLLRQADDIFIQELRNTTDENGTSWYDLTSQAFAVFLPVKSVGVM 
GDGRTYDYVIALRAVITSDFMTAHWAELPYSLLGKVSNRIINEVKGINRWYDVSGKPPATIEWE 




182 


1921 


MSTQDLNGKIALVTGASRGIGAAIADTLAAAGAKVIGTATSESGAAAISERLAQWGGEGRVLNSAEPET 

IEKAFGKLDILVNNAGITRDNLLMRMKEEEWDDIMQVNLKSVFRASKAVLRGMMKQRSGRIIN 

TNYAAAKAGLIGFSKSMAREVGSRGITVNCVAPGFIDTIWTRALPEE 

DQAKYITGQTLHVNGGMfcMP — 




183 


1930 


MMTQTLLIELLTEELPPKALNNLGNHFAASVAEGL^ 

PAVMAMKDGAPTKALEGFARGAGAKIEDLTIVHDGKQDVYAYEYVQIGKPLGGLLEDIINQAVKKLPIPKVMRWG 
SSTFTWRPVHGLWLHGGDIVNVSVLGLQSGNKTLGHRFL^^ 

TVLEGQARRLNATAAADEALLDEVTALVEW PWLEAGFEEHFLAVPQECLI LTMQQNQKY FPLLDQNGKLMNRFLL 

VSNLQTEDPSHIIQGNERVLRARLSDAEFFYKQDQKATLESRLPKLTNVVYHNKIGSQAERIERLQSIAAHIAKAL 

GADAAAAERAARLAKADLVTEWGEFPELQGTMGKYYAIUiDGETEEITEAVEQHYQPRFAGDNLPEGK 

DKLETLVGIWGIGLIPTGDKDPYALRRAALGILRMLMQYGLDWELIQTAFNSFPQGLLNEKTPSETADFMQAR^ 

VLI^NDYPQDIVAAVLAKQPRRLDDLTAKLQAVW 

KALFAMQGLQPKIAAAVAEGNFQTALSEIASVKPQVDAFFDGTO 

LGE 




184 


1934 


MSQGKIVQIIGAWDVEFPRDMIPRVYDALKLDENGLTLEVQQLLGDGVVRAIAMGSSDGLKRGMTVSNTGAPITV 
PVGKGTLGRIVDVLGTPVDEAGPIDTDKSRAIHQAAPKFDELSSTTELLETGIKVIDLLCPFAKGGKVGLFGGAGV 
GKTVNfc^LINNIAKAHSGLSVFAGVGERTREGNDFYHEMKDSN^ 

FRDEKDENGKGRDVLFFVDN I YRYTLAGTEVSALLGRMPS AVG YQPTLAEEMGRLQERITSTQTGS ITS I QAVYVP 
ADDLTDPSPATTFAHLDATWLSRDIASLGIYPAVDPLDSTSRQLDPMVLGQEHYDVARGVQSTLQKYKELRDIIA 
ILGMDELSDEDKLTVMRARKIQRFLSQPFHVAEVFTGSPGKYVALRDTIAGFKAILNGEYDHLPEQAFYMVGSIEE 
AVEKAKTLN 




185 


1936 


MQLNPAEISDLIKAKIENLSVNAEVRTCGTVISVTDGIW^^ 

GEYEHIKEGDTVTCTGRILEVPVGRELVGRWDALGRPIDGKGPINTTLTAPIEKIAPGVIARKSVDQPMQTGLKA 

IDSMVTVGRGQRELIIGDRQTGKTAVALDAIWQKGTGVIC 

SEAAALQYIAPYSGCTMGEFFRDRGEDALIVYDDLSKQAVAYRQISLLLRRP 

NEHEVEKLTNGEVKGKTGSLTALPI IETQAGDVSAFVPTNVISITDGQI FLETDLFNAGIRPAINAGISVSRVGGA 

AQTKVIKKLGGGIRIJU^QYRELAAFSQFASDLDEATRKQI^ 

SDVPVAKALAFESEFLSFVRTQHPEVLEAVNASGAMSDESEKTLEAAMKSFKSSYAYQA 




186 


1937 


MAEFATIARPYAKALFGLAQEKNQIESWLGGLEKLAAWQEGKV^ 

VIVLAGQKRLSILPEVYAQYQDLTLSFNHIKSAVIYSAYPLTDKQVGELV^!LNKRFDSELKISVEIEPELIGGIK 
VEVGDQVLDLSVQGKLSALYTTMTN 




187 


1938 


MNINATLFAQIIVFFGLWFT^FVWPPIAKALDERAAKVM 
ANAEKRAAKIVEEAKEQASSEAARIAAQAKADVEQELFRARESLREQVAVLAVKGAES 




188 


1953 


MMTLYSGITCPFSHRCRFVLYEKGMDFEIKDVDIYMPEDLAVMNPYNQVPVLVERDLVLHESNIINEYIDER^ 
PQLMPGDPVMRGRGRLVLYRMIKELFNHVQVLENPMTNK^ 
ALAPLLWRLDHYDVKLGKSAAPLLKYAERI FQREAFIEALTPAEKAMRK 




189 


1966 


MSPSPFIEMKDVAFAYGDRPILKNINFSIPQGNFMVMGGSGSGKTTLMRLITGQIRPQSGQVLIEGRDLAGFSAD 
ELYEHRRRMGVLFQHGALFTDLSVFDNIAFPMRELTRLPEA 
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LARTIALDPEIMLYDEPFTGLDPISLGVIMLISRVNKALRSTSIMVTH 
EMRELDS PWVRQFVGGLADGPVAYRYPAQTSLQQDLLG 


190 


1968 


MKQLAMINGRFENDFNGEWRDVLNPSTEEMAREPKGGKM)VD 
RERADELTDTIVAEGGKTKDLARVEVMFTADYLDYQAEWARRYEGEIIQSDRPRENIL^ 

FFLI ARKMGPALVTGNT I WKPS SVTPINCHI FAEI VDAVGLPAGVFNVWGPGAEI GNALSAHPQVDMVSLTGSV 

EAGRQVMEAASMITKVSLELGGK&PAIVLKDA^ 

AMGmGNPAEAEAGALEMGPLIEERAVKAVAEKVER^ 

EETFGPVLPVSAFDTLDQVIALANDCEFGLTSSVYTTN^^ 

GGADGKHGLEEYLQTQWYLETDI 


191 


1982 


MSNRPT1LLVDGSSYLYRAYHAMGQNLTAPDGAPTGALYGVLNMLRRLRSEYPHDYCAWFDM 
KATRPPMPDDLRPQAEALPDLVRLTGWPVLVIGQVEADDVIGT^ 

TMS SETLDIEGVKAKFGVRPDQI RDYLALMGDKVDNVPGVEKCGPKTAVKWLEAYGSLAGVMEHASEI KGKVGENL 
QAALPQLPLSYDLVTIKTDVDLPIAELSDGIESLRRTTPKWAQLVVDFKRWGFRTWLKEAESNMNTGSTDDLFGSDS 
IGEQAALNAEMPFEKQAEKATAPEKLDYQAVTTEAQFAALLDKLSRADTIGI DTETTSLDAMNASLVGI SIAFQAG 
EAVYIPVGHSLTMPEQLDLQDVLGRLKPHLGNP 

HGLDELSERWLGLETITYESLCGKGMQIGFADVMGQATEYMQDADFALRLEAHLRAQMDEKQLEMYEKMELPV 
AQVLFEMERNGVQIDRAELARQSAELGAELMKLEQ 

STNEAVLEQLAPDYPLPKI ILQNRSLAKLKSTYTDK^ 

EEGRKVRRAFTAPQGSVIVSADYSQIELRIMAHLSGDKTLIAAFQNGEDVHRRTAAEVFGTM 

INFGLIYGMGQYGLMSLGIDNLSAKNFIDRYFARYPGVAEYMQRTPCEQAMQGYVETLFGRRLYLPDIRNKNANA 

RAGAERMINAPMQGTASDLIKRAMIDVSRWLSECEASPWDELLQSKLIMQVHDELVLEVVETELDFVKEKLPQIM 
AKVDGGLLDVPLVAEVGVGENWEEAH 


192 


1996 


MSVVLPLRGVTALSDFRVEKLLQKAAALGLPEVKLSSEFWYFVGSEKALDMTVEKLQ 
HLFLVTPRLGTISPWASKATNIAENCGLAGIERIERGMAVWLEGRLNDEQKQQWAALLHDRMTESVLPDFQTAS 
FHHLESETFSGVDVLGGGKEALVKMTEMGLALSADEIDYLVENYQALQ 
FIIflGEKQPKSLFGMIRDTHNAHPEGTVV^^ 

AIAPFAGAATGAGGEIRDEGATGKGSRPKAGLTGFTVSNLNIPDLKQPWEQDYGKPEHISSPLDIMIEGPIGGAAF 
NNEFGRPNLLGYFRTFEEKFDGQVRGYHKPIMIAGGLGSIQAQQTHKDEIPEGALLIQLGGPGMLIGLGGGAASSM 
DTGTNDASL DFN SVQRGNPEIERRAQEVI DRCWQLGGKNPI I S IHDVGAGGLSNAFPELVNDARRGAVFKLREVPL 

EEHGLNPLQIWCNESQERmSILEKDLDAFRAICERERCPFAWGTATDDGHLKVRDDLFANNPVDLPLNVLLGK 

LPKTTRTDKTVAPSKKPFHAGDIDITEAAYRVLRLPAVAAKNFLITIGDRSVGGLTHRDQMVGKYQTPVM 

MGFNT YRGEAMSMGEKPTVALFDAPASGRMCVGEAI TNI AAVNI GDIGNI KLSANWMAACGNEGEDEKL YRT VEAV 

SKACQALDLSIPVGKDSLSMKTVWQDGEEKKSWSPLSLIISAFAPVKDVRKTVTPELKNVEDSVLLFV 

RMGGSAFGQVYNNMSGDAPDLDDTGRLKAFYSVIQQLVAENKLLAYHDRSDGGLFAVLVEMAFAGRC 

LAQTFITNHTALSQSLRTEEVKALAEWQETIARTLFNEELGAVIQVRKQDVADIINLFYQQQLHHNVFEIGTLTDE 

NTLIIRDGQTHLISDNLIKLQQTWQETSHQIQRLRDNPACADSEFALIGDNERSALFADVKFDVNEDIAAPFINSG 

AKPKIAILREQGWGQIEMAMFTRAGFDAYDVHMSDLMGRIHLADFKMLM 

PALRDQFAAFFADP DTLTLGVCNGCQMVSNLAE 1 1 PGTAGWPKFKRNLSEQFEARLSMVHVPKSASLILNEMQGSS 

LPVWSRGEGRADFALHGGNISADLGIALQYIDGQNQVTQTYPLNPNGSPQGIAGVTNADGRITIMMPHPERVYRA 
AQMSWKPEGWTELSGWYRLFAGARKALG 


193 


2000 


MNQTAINRADVRTRFIFDDMPVRGIJJVRLENVWQHIVKQKNYPMIRm 

RGRLKM,VAEAASDRTVRATARWDET^ 

KRSEQLDTHIVLSASDEAAGGLLVQRLPEEVLDEEAWEHVS 

TFEFSCTCSRGKVSDmLMLGGEEVGGVVVEQGSIEVDCDFCHSKYVFDETDVNALFGEDWGVAKG 


194 


2039 


MKKSLIALTIJUVLPVAAMADVTLYGTIKAGVETSRSVFHQNGQVTEVTTATGIVDLGSKIGFKGQEDLG 

QVEQKASIAGTDSGWGNRQSFIGLKGGFGKLRVGRLNSVLKDTGDINPWDSKSDYLGVNKIAEPEARLISVRYDSP 

EFAGLSGSVQYALNDNAGRHNSESYHAGFNYKNGGFFVQYGGAYKRHHQVQEGLNIEKYQIHRLVSGYDNDALYAS 

VAVQQQDAKLTDASNSHNSQTEVMTLAYRFGNVTPRVSYAHGFKGLVDDADIGNEYDQVVVGAEYDFSKRTSALV 
SAGWLQEGKGENKFVATAGGVGLRHKF 


195 


2057 


MKTFSAKPHEVKREWFVI DAQDKVLGRVAAEVASRLRGKHKPE YTPHVDTGDY 1 1 VINADKLRVTGAKFEDKKYFR 
HSGFPGGIYERTFREMQEQFPGmEQAVK(mPKGPLGYMIKKLKVYAGAEHAHMQQPmELK 


196 


2079 


MKVGFVGWRGMVGSVIMQRMKEENDFA^ 

YTKSVFQALRDSGWNGYWI DAASSLRMKDDAI I VLDPVNRDVLDNGLKNGVKNYIGGNCTVSLMLMALGGLFQNDL 
VEWATSMTYQAASGAGAKNMRELISGMGAVHAQVADALADPAGSILDIDRKVSDFLRS 

WI DVDLGNGQSKEEWKGGVETNKI LGRSDNPTVI DGLCVRVGAMRCHSQAITLKLKKDLPVSE IETILAGANDWVK 
VIP^KEASIHELTPAKVTGTLSVPVGRIRKLGMGGEYISAFTVGDQLLWGAAEPLRRVLRIVLGSL 


197 


2086 

i 
1 


MKFIDEMIEVAAGKGGNGATSFRREKFVPRGGPDGGDGGKGGSVWAEADENTNTLVEYRFVKRYQAKN 
DRYGAGADDIVLKMPVGTLIRDLDTGEWADLTYHGQRVCI^ 

QLELKVLADVGLLGMPNAGKSTLITAVSAARPKIANYPFTTLHPNLGWRIDENHSFVMADIPGLIEGAAEGAGLG 
HRFLKHLSRTGLI^HWDIAPFDETVNPAEEALAIINELmDEELYGKPRWLVLNK^ 

VGWDYPKPDDRFQFDMETPRLFQISALTHQGTQELVHQINQYLTEKKRIEAEKAEAEKAAANVEIIEQQPKTDTGV 
FKPE 



r. 



# 
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198 


2101 


MS QI TMRQMI EAGVH FGH QTRFWNPKMAQ Y I FGARNK I H I WLEKTLPMFQDAQEAVRRL VANKGT VL FVGTKRQA 
RDIIREEATRAGMPmYRWLGGMLTNYKTVKQSIK^ 

NMKGLPDAI FVIDTG YQKGTLVEAEKLGI PVIAWDTNNSPDGVKYVI PGNDDSAKAIRL YCRGIADAVLEGKNQA 
LQETVAAAQEAAAE 


199 


2102 


MAEITAKMVADLRAATGLGI^CKKALVEAEGNFDKAEEILRIKSGAKAGKI^ 
NCETDFVAKDAGFVEFANFVAKTAAEKKPASVEELSELVEAERKAIIAKI^ 
ATEGVLVEYKGSEDVARKIGMIVAAKPQCVSEAEVDMT^ 
ITLNGQAFVMNPDQTVAQFSKENGTEVISFVRYKVGDGIEKKAVDYAAEVAAAAJ^ 


200 


2103 


MTQQIKYKRVLLKLSGESLMGSDPFGINHDTIVQWGEIAEVVKMGVQVGIWGGGNIFRGVSAQAGSM 

MGMMATVMNALALKDAFETLGIKARVQS^ 

EMNCDVMLKATNVDGmADPKKDPSATR 

TGEDEGTLVHC 


201 


2129 


MSQNHTILQSLPVGQKVGIAFSGGLDTSAALLWMKLKG^ 

RAQLAHEGIAAIQCGAFHVSTGGIAYFNTTPLGRAWGTMLV^ 

ALKIYKPWLDQQFIDELGGRHEMSEFLIANGFNYKMSVEKAYSTDSN^ 

WDENVE VS PEEVS VRFEEGVPVALNGKE YADPVELFLEANRI GGRHGLGMSDQIENRI I EAKSRGI YE APGMALFH 
IAYERLVTGIHNEDTIEQYRINGLRLGRLLYQGRWF 

PNLTYQPERLSMEKVEDAAFTPLDRIGQLTMRNLDITDTRVKLGIYSQSGLLSLGEGSVLPQLGNKQ 


202 


2138 


MEAEVINQLNNTLNDLEKRSEDIRVYMD^ 
SGIEDNRMLIEMTVEENDEEGFAAVQEDVAGLEKQMADI£^ 

l^SRYAERKGFRIEILEEDDGEIAGINRATIRVEGEYAYGLLRTETGVHRLVRYSPFDSNNKRHTSFASVFVYPEI 
DDSIEIEINPADLRIDTYRASGAGGQHINKTDSAVRITHEPTGIWQCQNDRSQHMKAAAMEMLKSKLYELEMRK 
RNEEKQALEEGKSDVGWGSQIRSYVLDSSRIKDLRTGYEVGNTKAVLDGDLDGFIEASLKQGV 


203 


2154 


MSVLIIVEHDNKQLNPTTLHAVTAAAKLG^ 

VKLAADYRYVAATATT FGKNLLPRYAALLDVPQI S DLTE IVDNTTFVRPI YAGNAFETVQADSEKLVLTFRAT VFD 
AVAAQGGNAEVINVEATPAQNLSRFVNRQLSHSDRPELTQAKVIVSGGRALGSAEKFNEVLTPLADV^ 






LTEVLKN 


204 


2155 


MKALVAVKRWDYNVKVRVKADGSDVDIGNVKMSMNPF 

AMGADRAIHVETDTKI^SIAVAKLLKAVADKENPQIFFLGKQAIDDDANQVAQM 

VQIVREIDGGEETIALKLPAVISADLRLNEPR*^ 

GVKVASVAELVEKLKNEAKVI 


205 


2159 


MSIKVAINGFGRIGRIALRQIEKAHDIEVVAW^ 

NPNPEELPWGELGVDVILECTGFFTNKTKAEAHIRAGARKVVISAPGGNDVKTVVYGVNQDILDGSETVISA 
TNCLAPMAAVLQKE FGWEGLMTT I HAYTGDQNTLDAPHRKGDLRRARAAALNI VPNS TGAAKAIGLVI PELNGKL 
DGSAQRVPVASGSLTELVSILERPVTKEEINAAMKAAASESYGYNEDQIVSSDWGIEYGSLFDATQTRVMTVGGK 
QLVKTVAV7YDNEMSYTCQLVRTLEYFAGKI 
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Dalch Enli'ei- Upload a 
tils of 6|<*r accession 
. numi;ei5 io ratrteye ■ - 



i Che$k sequent^ : . 
I neMslpfVliiBtrir/-?. 

I Hereto crealinWAV - 



. Related, resouirss 
RDfer'ance sstjueiice 

(Jiojett;. 



XZ 1: Q9JYM8 

Argjnyl-iRNA synthetase (Arginine-tRNA ligase) (ArgRS) 
gi|23822209|spjQ9JYM8lSyR_NEIMB[23822209] 

H2: NP 274514 

arginyl-tRNA synthetase [Neisseria meningitidis MC58] 
gi|15677359MNP_274514.11[15677359] 

H3: F8107S 

arginyl-tRNA synthetase NMB 1 5 06 [imported] - Neisseria meningitidis (group B strain MD58) 
gi|11271722JpirtfFB1075Cl 1271722] J 

H4: AAF41862 

arginyl-tRNA synthetase [Neisseria meningitidis MC58] 
gir7226749|#>)AAF41 862. 1 K7226749] 



